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Envisioning the Agenda for Water Resources Research in the

Twenty-first Century

Henry J. Vaux, Jr.

Auvailable evidence suggests that pro-
jected population growth, economic
growth, and the need to preserve and en-
hance aguatic ecosystemswill combineto
create more intense pressureson U.S. wa-
ter resources in the 21st century than was
the casein the 20th century. Even asthese
pressures mount, important transitions are
occurring in water management asthe effi-
cacy of dams is challenged, as questions
are raised about potential changes in the
hydrologic cycleand increased hydrologic
uncertainty, and as new technology that
permitsinnovative water management be-
comesavailable. Thesefactorsstimulated
a series of discussions by the Water Sci-
ence and Technology Board about the fu-
ture of the nation's water resources and
the appropriate research needed to promote
sustainable management of those re-
sources. Theresult is acohesive national
water resources research vision for the
twenty-first century, whichis presentedin
a new report entitled, Envisioning the
Agenda for Water Resources Research in
the Twenty-first Century (available online
at http://www.nap.edu). This research
agenda represents the consensus judge-
ment of the WSTB about what research is
likely to be most important in the early part
of this century.

The report contains 43 recommend-
ations that are cast broadly in three cat-
egories: water availability, focusing on
matters that affect water supply including
water quality; water use, dealing with fac-
tors that affect wants and demands for
water; and water institutions, discussed
separately to emphasize the need for rela
tively moreresearchinthisareaand to rec-
ognize that answers to institutional ques-
tions frequently depend upon research

from the socia sciences.

Water Availability

The report concludes that investigations
of surface water and groundwater availability
should focus on (1) the development of sup-
ply enhancing technologies, including desalt-
ing technologies and treatment technologies
to promote reuse; (2) improving the under-
standing of linkages between the hydrologic
and biogeochemical cycles that affect water
quality; and (3) development of techniques
and technologies to stem declines in water
quality. The report emphasizes the need for
more and better datato understand how water
availability responds to variable climates at
different temporal and spatial scales. Datafrom

continues on page 2
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A Global Thirst for Safe Water:
The Case of Cholera
By Rita Colwell
Director, National Science Foundation

Assuring a safe water supply—both in quantity
and quality—is becoming a more critical challenge
globally as world population continues to grow. The
scourge of cholera, a water-borne disease, provides
a framework for looking at the multi-dimensional issue
of water supply. An interdisciplinary research ap-
proach, employing sophisticated new tools such as
information technology and satellite remote-sensing,
alongside simple and culturally appropriate technolo-
gies on the local level, is helping us to make progress
toward mitigating, predicting, and ultimately, prevent-
ing cholera epidemics. Mark your calendars!
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Envisioning the Agenda

networks of continuous ground-based
and remote sensing instrumentation will
beparticularly critical. Improved moni-
toring—and monitoring techniques—
will beimportant for resource planning
and regulatory activities and for as-
sessing the effectiveness of water poli-
cies and management efforts.

Water Use

New and comprehensive investi-
gationsof thedeterminants of consump-
tive uses of water are needed since ex-
isting knowledge about determinantsis
either incomplete or outmoded. Irri-
gated agricultureislikely to remain the
dominant consumptive user of water al-
though the patterns and extent of use
are likely to change. Improved meth-
ods of managing irrigation water, new
and improved techniques of dryland
farming, and assessments of the poten-
tial of genetic alteration for improving
crop water use are among the priority
topics here. Research is also needed
to understand better the environmen-
tal roles of water. Aquatic ecosystems
should be understood in a broad sys-
tems context if they are to be managed
effectively. Research is needed to de-
termine the water requirements neces-
sary to maintain environmental func-
tions such as the provision of wildlife

New technologies for removing pathogens,
such as this microfiltration unit, will be
needed to help ensure that wastewater is safe
for potable reuse.

habitat, flood control and
assimilation of contami-
nants. Other priority top-
ics in this category in-
cluderesearchtoimprove
understanding of rela-
tionships between land
and water resources—
knowledgethat isneeded
for effective watershed
management, and re-

search on issues related
to the protection of spe-
cies diversity in aquatic
habitats.

Certain flow regimes, like annual floods, are vital for
maintaining the habitat of many migratory birds, such
as these Sandhill cranes along the Platte River in Ne-

braska. These hydrologic regimes are often disrupted by

dam construction.

Water I nstitutions
Noting that many of
thenation’swater institutionswere de-
vised in the 19th century in response
to 19th century problems, the report
recommends that new emphasis be
given to ingtitutional research if the
innovative water institutions required
to address the water problems of the
21st century areto emerge. Research
is needed to help develop improved
laws and policies, which will foster
conjunctive use of ground and surface
water; efficient and equitable use of
transboundary waters; to clarify and
resolveissuesrelated to Native Ameri-
can water rights; and to facilitate the
use of adaptive management schemes.
Further research is needed to develop
improved means for estimating the
value of water in alternative uses.
Studies focused on the potential of
economic institutions to protect com-
mon pool and public good values are
also needed as is work on the role of
pricing, pricing structures, and markets
in resolving water problems. There-
port also notesthat there are anumber
of emerging social scienceissues that
require the participation of anthropolo-
gists, geographers, political scientists,
psychol ogists and sociologists in wa-
ter research. Among theseissuesare:
(2) therole of perceptions, particularly
perceptionsabout risk, in devising wa-
ter management plans; (2) how to elicit
and account for stakeholder prefer-
ences; (3) theidentification of cultural,
religious and ethical facets associated
with water use; and (4) analyses of
over acentury of water policy experi-

Rogers.

Photograph courtesy of Elizabeth

ence to identify strategies that worked
and those that did not.

I mplementation

Finally, thereport findsthat invest-
ment in water research and existing or-
ganizational arrangements for guiding
such investment are inadequate to meet
the needs of the 21st century. Water
research for the 21st century should be
planned and prioritized in a systematic
way. Thereport urgesthe creation of a
national water research board, with rep-
resentation from state and federal gov-
ernments, research institutions, users
and purveyors, nonprofit organizations
and public interest groups. Effective
implementation and administration of a
strategic and proactive research agenda
to be developed by the research board
should provide the justification and ac-
countability for augmented levelsof in-
vestment in water resources research.

This study represents the effort of
about 25 individuals who served on the
WSTB from 1998-2001, and several fed-
eral agency liaison representatives as
well. Itwasled by Henry J. Vaux, Jr. of
University of California, Oakland, who
chaired the WSTB during this period.
To order the report, contact the Water
Science and Technology Board at 202-
334-3422 or visit their website at http://
WWw.hap.edul.

Henry J. Vaux, Jr. is the outgoing chair
of the Water Science and Technology
Board (see page 12).
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NEW REPORT

Assessing the Total Maximum Daily Load Approach to Water Quality Management

By Laura Ehlers

Over thelast 30 years, water qual-
ity management in the United Stateshas
been driven by control of point sources
of pollution and the use of effluent-
based water quality standards. Al-
though the quality of the nation’s wa-
ters has generally improved, this focus
on point sources has not achieved the
Clean Water Act’s goals of “fishable
and swimmable” waterslargely because
discharges from other unregulated
nonpoint sources of pollution have not
been as successfully controlled. This
isthe context in which EPA implements
the Total Maximum Daily Load (TMDL)
program, the objective of which is at-
tainment of ambient water quality stan-
dards through the control of both point
and nonpoint sources of pollution.
Under 1992 TMDL regulations, states
must list waters that are not meeting
water quality standards and then iden-
tify the amount by which point and
nonpoint sources of pollution must be
reduced in order for the waterbody to
meet its stated water quality standards.
Meeting these regquirements, many of
which have been imposed by court or-
der or consent decree, has become the
most pressing regulatory water quality
challenge for the states since passage
of the Clean Water Act. Thereareabout
21,000 polluted river segments, lakes,
and estuariesrequiring morethan 40,000
TMDLSs. Under the 1992 EPA guidance,
states are required to meet an 8- to 13-
year deadlinefor completion of TMDLSs.
Budget requirementsfor the program are
staggering, with most statesclaimingto
not have the resources necessary to
assess the condition of their waters, to
list impaired waters, and to develop
TMDLs.

Following issuance by EPA of up-
dated TMDL regulations, in November
2000 Congress requested that the
WSTB assessthe scientific basis of the
TMDL program. Of concern to the
nation’s lawmakers was the paucity of
data and information available to the
statesto comply with program require-
ments and meet water quality standards.

Following an intense study between
January and March, the resulting report,
Assessing the Total Maximum Daily
Load Approach to Water Quality Man-
agement, targets recommendations at
(1) those issues where science can and
should make a significant contribution
and (2) barriers (regulatory and other-
wise) to theuse of scienceinthe TMDL
program. The eight-member committee
met three times during a three-month
period and heard the testimony of over
40 interested organizations and stake-
holder groups.

TMDL Program Goals

The report lays out three broad
goals for the program. First, it urges
TMDL managersto focusfirst and fore-
most on improving the condition of
waterbodies as measured by attai nment
of designated uses. Working to meet
strict time demands within the budget
constraints cited by most states has fo-
cused on administrative outcomes as
measures of successforthe TMDL pro-
gram. Second, the program should en-
compassall stressorsthat determinethe
condition of the waterbody. Proposed
regulations may limit the applicability
of the program to only those water qual -
ity problems caused by chemical and
physical pollutants. Finally, scientific
uncertainty isareality within all water
quality programsthat cannot be entirely
eliminated. The statesand EPA should
moveforward with decision-making and
implementation of the TMDL program
intheface of thisuncertainty while mak-
ing substantial efforts to reduce uncer-
tainty.

Changestothe TM DL Process
Science plays a crucial rolein the
standards setting process, in the deci-
sion to list impaired waters, in the de-
velopment of the TMDL plan, and in
the allocation of pollutant loads among
various sources. Although the state of
the science is sufficient to develop
TMDLsto meet ambient water quality
goalsin many situations, programmeatic

issues substantially hinder the use of
the best available science. Thus, two
major programmatic changes in the
TMDL process are recommended.

First, EPA should approve the use
of both apreliminary list and an action
list instead of one “303d” list. Many
waters now on state 303d lists were
placed there without the benefit of ad-
equate water quality standards, data, or
waterbody assessment. These poten-
tially erroneous listings contribute to a
very large backlog of TMDLs and fos-
ter the perception of a problem that is
larger than it may be. States should be
allowed to movethose watersfor which
thereisalack of adequate water quality
standards or data and analysis from the
303d list back to a preliminary list, as
shown in Figure 1. The report states
that if nolegal mechanism existsto bring
this about, one should be created by
Congress.

Second, TMDL plans should em-
ploy iterative, adaptiveimplementation
and revision. Adaptiveimplementation

All
Waters

Determine
Designated Use/
Standard

¢ Screening
Assessment

“Preliminary”
List

«——

Full
Assessment

Review Use/
Standard

“Action” List
(303d)

Adaptive
Implementation

TMDL
Planning

FIGURE 1 Framework for Water Quality

Management
continued on page 4
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TMDL Approach

is acyclica process in which TMDL
plansare periodically assessed for their
achievement of water quality standards
including designated uses. If theimple-
mentation of the TMDL plan is not
achieving attainment of the designated
use, scientific data and information
should beusedtorevisetheplan. Adap-
tiveimplementation isneeded to ensure
that the TMDL program is not halted
due to alack of data and information,
but rather makesforward progresswhile
better data are collected and analyzed
with theintent of improving uponinitial
TMDL plans.

Useof Scienceinthe TM DL Program
Thefollowing sections discussthe

use of science in the TMDL program

stepsasillustrated in Figure 1.

Water Quality Standards. The
TMDL processis primarily a measure-
ment process and as such is signifi-
cantly impacted by the setting of water
quality standards. Water quality stan-
dards consist of two parts. a specific
designated use appropriate to the
waterbody and a criterion that can be
measured to establish whether the des-
ignated use is being achieved. The
report states that criteria should be de-
fined in terms of magnitude, frequency,
and duration. Establishing these three
dimensionsof the criterioniscrucial for
successfully developing water quality
standards and subsequently TMDLSs.
In addition, biological criteriashould be
used in conjunction with physical and
chemicd criteriato determinewhether a
waterbody is meeting its designated
use. In generd, biologica criteriaare
more closely related to the designated
uses of waterbodies than physical or
chemica measurements. Inmany states,
there is afundamental discrepancy be-
tween the criteria that have been cho-
sen to determine whether a waterbody
is achieving its designated use and the
frequency with which water quality data
arecollected. Thus, water quality stan-
dards must be measurable by reason-
ably obtainable monitoring data.

Water body Assessment and List-
ing. Ambient monitoring and assess-
ment programs should form the basis
for determining whether waters are
placed on the preliminary list or the ac-
tion list. EPA needs to develop a uni-
form consistent approach to ambient
monitoring and data collection across
the States. Therotating basin approach
used by severa states is an excellent
exampleof aframework than can be used
to conduct waterbody assessments of
varying levelsof complexity, for example
to place impaired waters on a prelimi-
nary or action list and to develop
TMDLs. Inthat regard, the report rec-
ommends that EPA set the TMDL cal-
endar in concert with each state’ srotat-
ing basin program.

TMDL Devdopment. TMDL devel-
opment requiresawide variety of mod-
els to relate waterbody conditions to
different land uses and other factors.
Thereport makes several recommenda-
tions about the use of such models. In
particular, it notesthat uncertainty must
be explicitly acknowledged both in the
modelsselected to develop TMDLsand
in the results generated by those mod-
els. The TMDL program currently ac-
countsfor the uncertainty embedded in
the modeling exercise by applying a
margin of safety (MOS). EPA should
end the practice of arbitrary selection
of the MOS and instead require uncer-
tainty analysis as the basis for MOS
determination.

The report advocates the develop-
ment of model sthat can more effectively
link environmental stressors (and con-
trol actions) to biological responses.
Both mechanistic and empirical models

will be needed, although empirical mod-
els are more likely to fill short-term
needs. Monitoring and data collection
programs need to be better coordinated
with anticipated water quality and
TMDL modeling requirements. For
many parameters, there areinsufficient
data to have confidence in the results
generated by some of the complex mod-
els used in practice today. Thus, EPA
should not advocate detailed mechanis-
tic models for TMDL development in
data-poor situations.

Through the adoption and use of
the preliminary/action list approach,
adequate monitoring and assessment
approaches, sound selection of appro-
priate model's, and adaptive implemen-
tation described above, the TMDL pro-
gramwill becapable of utilizing the best
availablescientificinformation. There-
port notes that the success of these
approachesisdirectly related to the pro-
vision of adequate personnel and finan-
cial resourcesfor data collection, man-
agement, and interpretation and for the
development of sufficiently detailed and
stratified water quality standards.

The study was funded by the En-
vironmental Protection Agency and
chaired by Kenneth Reckhow of Duke
University. To order thereport, contact
theNational Academy Pressat 800-624-
6242 or visit their website at http://
www.nap.edul.

Laura Ehlersis a Senior Saff Officer with
the Water Science and Technology Board.

founding member.

WATERWARKS

John Cairns, Jr. was presented the 2001 Ruth Patrick Award for Environmental
Problem Solving by the American Society of Limnology for his outstanding
applications of aquatic science in ecosystem recovery and restoration. Heis a
professor (emeritus) and director (emeritus) of University Center for Environmental
and Hazardous Materials Studies, Department of Biology, Virginia Polytechnic
Institute and State University. He is a member of the National Academy of Science
and has served in many NRC committees, including the WSTB of which he was a
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NEW REPORT

Classifying Drinking Water Contaminants for Regulatory Consideration

By Mark Gibson

The provision of safe drinking wa
ter has been an important factor in im-
proving public healthin U.S. communi-
ties since the turn of the 20th century.
Despite advances in water treatment,
source water protection efforts, and the
presence of several layersof local, state,
and federal regulatory protection, many
sources of raw and finished public drink-
ing water in the United States periodi-
cally contain chemical, microbiological,
and other types of contaminants at de-
tectable and sometimes harmful levels.
Furthermore, the production and use of
new chemicalsthat can reach water sup-
plies and the discovery of emerging mi-
crobial pathogens that potentially can
resist traditional water treatment prac-
ticesand/or grow in distribution systems
pose aregulatory dilemma: Where and
how should the U.S. government focus
its attention and limited resources to
ensure safe drinking water supplies for
the future?

To help address these difficult is-
sues, one of the major requirements of
the Safe Drinking Water Act (SDWA)
Amendments of 1996 is that every five
yearsthe U.S. Environmental Protection
Agency (EPA) publish alist of unregu-
lated chemical and microbial contami-
nants and contaminant groups that are
known or anticipated to occur in public
water systems and may pose risks in
drinkingwater. Thefirst suchlist, called
the Drinking Water Contaminant Candi-
dateList (CCL), waspublishedin March
1998 under pressing time constraints
stipulated by the amended SDWA. The
primary function of the CCL isto pro-
vide the basis for deciding whether to
regulate new contaminants from thelist
every fiveyears. However, itisasoused
to prioritize additional research and moni-
toring on these contaminants.

PreviousCommitteeWork, and theNew
Charge

Thisisthethird and final report of
the Committee on Drinking Water Con-
taminants. The committee was formed
in 1998 at the request of EPA's Office of

Ground Water and Drinking Water to
provide advice regarding the setting
of prioritiesamong drinking water con-
taminants in order to identify those
contaminants that pose the greatest
threats to public health. The commit-
teewas comprised of 14 expertsinwa-
ter treatment engineering, toxicology,
public health, epidemiol ogy, water and
analytical chemistry, risk assessment,
risk communication, public water sys-
tem operations, and microbiol ogy.

In its first report, Setting Priori-
tiesfor Drinking Water Contaminants,
the committee recommended a phased
decision-making process, timeline, and
related criteriato assist EPA effortsto
set prioritiesand decide which contami-
nants already on aCCL should be sub-
jected to regulation development, in-
creased monitoring, or additional health
effects, treatment, and anal ytical meth-
odsresearch. That report alsoincludes
areview of several past approachesto
setting prioritiesfor drinking water con-
taminants and other environmental
pollutants. The second report, entitled
Identifying Future Drinking Water
Contaminants, provided a conceptual
two-step approach to the creation of
future CCLs. It recommended that this

STEP ONE

Screening criter
expert judgment
The “universe” of potential
drinking water contaminants includes:

1. Naturally occurring substances

process should be made more scientifi-
cally defensible and transparent, and its
development should take place with in-
creased opportunities for public input
and comment.

For present study, EPA asked the
committee to further develop this new
conceptual approach to the generation
of future CCLs. In addition, EPA asked
the committee to explore the feasibility
of developing and using mechanismsfor
identifying emerging microbia patho-
gens (using what the committee now
terms virulence-factor activity relation-
ships, or VFARS; discussed below) for
research and regulatory activities—also
as recommended in the second report.

A Two-step Processfor Creating Future
CCLs

Despite data and resource limita-
tions, this report continues to recom-
mend that EPA develop and use a two-
step process for creating future CCLs
(seeFigurel). Inthisprocess, abroadly
defined universe of potential drinking
water contaminants would first be iden-
tified, assessed, and culled to a prelimi-
nary CCL (PCCL) thatislikely to beon
the order of severa thousands of sub-
stances and microorganisms, using

PCCL includes:

1. Contaminants that are demonstrated to
occur in drinking water and demonstrated
to cause adverse health effects

2. Contaminants that are demonstrated to
occur in drinking water and have the
potential to cause adverse health effects

ia + 3. Contaminants that are demonstrated to
cause adverse health effects and have the
potential to occur in drinking water

4. Contaminants that have the potential to
occur in drinking water and the potential to

2. Water-associated microbial agents
3. Chemical agents

4. Products of environmental
transformation of chemical agents
Reaction byproducts

PCC

cause adverse health effects

L

Metabolites in the environment
Radionuclides

Biological toxins

Fibers

©o~No ;o

FIGURE 1 Recommended two-step process f

STEP TWO
Classification tool + expert judgment

Cee>

or developing future CCLs.

continued on page 6
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Drinking Water Contaminants

simple screening criteria and expert
judgment. To create the corresponding
CCL, al PCCL contaminantswould then
be assessed individually using a “pro-
totype” classification tool (neural net-
work or similar methods) in conjunction
with expert judgment to evaluatethelike-
lihood that they could occur indrinking
water at levels and frequencies that
poseapublic healthrisk. Thistwo-step
processwould berepeated for each CCL
development cycle to account for new
information.

Thereport recommendsageneraly
conservative approach to this process
that errs on the side of public health
protection. It also urgesthat the selec-
tion process place high priority on the
protection of vulnerable subpopul ations
asintended by the SDWA Amendments
of 1996.

Virulence-factor Activity Relation-
ships(VFARS)

In this report, the committee also
explored the feasibility of developing
VFARSs (virulence-factor activity rela-
tionships) as a tool to help identify
emerging waterborne pathogens, and
provided someinitial guidanceand rec-
ommendations on the necessary steps
for their constructionand use. A VFAR
is defined as the known or presumed
linkage between the biological charac-
teristics of amicroorganismanditsreal
or potential ability to cause harm (patho-
genicity). Thetermisrootedinarecog-

nition of the utility of using (quantita-
tive) structure-activity relationships
(QSARsor SARs) to comparethe struc-
ture of new chemicalsto known chemi-
calsto enable prediction of their toxic-
ity. Research has increasingly shown
certain common characteristics of viru-
lent pathogens such as the production
of specific toxins, specific surface pro-
teins, and specific repair mechanisms
that enhance their ability to infect and
inflict damagein ahost. Recently some
of these “descriptors’ have been tied
to specific genes, and it hasbecome evi-

bility; technological feasibility; applica-
tion of these technologies to studying
disease in humans (validation); the de-
gree to which these methodologies are
being universally adopted within the
scientific community; and the need for
their development and use to adhere to
the principles of transparency, public
participation, and other sociopolitical
considerations. These elements either
are present or can reasonably be ex-
pected to be available in the near fu-
ture, so the report concludes that the
use of VFARsisindeed feasible.

dent that the

same can bedone
for other descrip-
torsaswell. Iden-
tification of these
descriptors, ei-
ther directly or

Genetic elements
Surface proteins
Toxins

Attachment factors
Metabolic pathways
Invasion factors
Other possible
virulence attributes

through analysis | DESCRIPTORS

Virulence

Potency

I

Persistence

OUTCOMES

of genetic data-
bases, could be-
come a powerful
tool for estimating
thepotential viru-
lence of amicroorganism. Thisis par-
ticularly true for two important aspects
of virulence: potency and persistence
in the environment. The report con-
ceives of VFARs as being the relation-
ship that ties specific descriptors to
outcomes of concern as illustrated in
Figure?2.

Thereport reviews several aspects
of feasibility of the VFAR concept for
adoption and use by the EPA. These
include scientific validity and applica-

FIGURE 2 Schematic drawing of VFAR predicting outcomes of
concern (virulence, potency, persistence) using the presence or

quality of descriptor variables.

The committee chair was Deborah
Swackhamer of the University of Min-
nesota, and thevice chair wasR. Rhodes
Trussell of Montgomery Watson, Inc.
Funding was provided by EPA’s Office
of Ground Water and Drinking Water.
To order the report, contact National
Academy Press at (800) 624-6242,
http://www.nap.edu.

Mark Gibson isa Saff Officer with the Water
Science and Technology Board.

CURRENT PROJECTS

Restoration of the Greater Everglades
The committee on the Restoration
of the Greater Everglades Ecosystem
(CROGEE) isproviding ascientific over-
view and technical assessment of the
many complicated, interrelated activities
that are occurring at the federal, state,
local and non-governmental levels. In
addition to strategic assessment and
guidance, the committee providesmore
focused advice on technical topics of
importance to restoration efforts. The
committee met in February andin April
to discuss performance measures for

restoration. At the February meeting at
Everglades National Park, effortswere
focused on the Ridge-and-Slough and
Mangrove Estuary systems. Also at
thismeeting, the NRC released areport
on the proposed pilot projects to test
the feasibility of large-scale Aquifer
Storage and Recovery (ASR). InApril,
the committeemetin Key Largo to dis-
cuss Florida Bay indicators. Plans are
currently underway for a September
workshop on the Monitoring and As-
sessment Plan designed by Everglades
scientists. A major committeereportis
expected to be generated as a result of
the workshop.

Jim Davidson of the University of
Florida, former committeechair, resigned
for health reasons. Jean Bahr, an exist-
ing member of the committee, was ap-
pointed the new chair. Scott Nixonwill
continue as vice-chair and Henry Vaux
was appointed to the committee. For
moreinformation, contact William Lo-
gan at 202-334-3422 or wlogan@
nas.edul.

Bioavailability of Contaminants in Soils

and Sediments
The committee on bioavailability of
contaminantsin soilsand sedimentswill
continued on page 8
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Compensating for Wetland Losses
Under the Clean Water Act

A government program that allows
developers to fill in wetlands in ex-
change for restoring or creating others
nearby needs to be improved to meet
the goal of “no net loss” in size and
function of wetlands, says a new re-
port from the National Academies Na-
tional Research Council. Before grant-
ing permitstofill natural wetlands, regu-
latorsshould give greater consideration
to how restored or newly created wet-
lands can replicate the ecological func-
tions of naturally occurring wetlands
and become a sustainable part of the
larger watershed, said the committee
that wrote the report.

“ A broader geographic areaneeds
to be considered when deciding which
wetlands to restore and where to place
new wetlands so they continueto serve
the ecological needs of the entire wa-
tershed and have a higher chance of
long-term survival,” said committee
chair Joy Zedler, professor of botany
and Aldo Leopold Chair of Restoration
Ecology, University of Wisconsin,
Madison.

Wetlands are complex ecosystems
such as marshes, swamps, and bogs
that sometimes serve several ecologi-
cal functions including improving wa-
ter quality, controlling floods, diminish-
ing droughts, and stabilizing shorelines.
They also are home to many rare and
endangered species of plants and ani-
mals as well as species of commercial
and recreational value. Before the eco-
logical value of wetlands was recog-
nized in the 1970s, they were often de-
stroyed indiscriminately to promote
agriculture, build homes and busi-
nesses, and control mosguitoes. By the
1980s, the wetland areain the contigu-
ous United States was about half what
it had been in the 1780s.

The Clean Water Act prohibitsthe
discharge of soil and sand into waters
of the United States—which by defini-

tioninclude most wetlands, according to
the U.S. Army Corps of Engineers and
U.S. Environmental Protection Agency
(EPA)—unlessauthorized by apermitis-
sued under Section 404 of the act. Only
the Corps and some EPA-approved state
programs can issue such permits. The
Corps requires permit applicantsfirst to
steer clear of, and at east minimize dam-
ageto, wetlands. If unavoidable damage
cannot be minimized, the Corpsrequires
the permit holder, or athird party paid by
the permit holder, to restore, create, en-
hance, or preserve nearby wetlands as
compensation for the damage. This" com-
pensatory mitigation” isintended to com-
ply with the general goals of the Clean
Water Act, and the more specific goal of
“no net loss” of wetlands that the White
House called for in 1989. An agreement
between the Corps and EPA emphasizes
that no net loss means no lossin acreage
or ecological function.

From 1986 to 1997, the annual rate of
wetland loss in the contiguous United
States decreased by 77 percent from the
previous decade, and some of this de-
crease may come from devel opers being
deterred by the Section 404-permit pro-
cess, the committee said. However, de-
spite progress in the last 20 years, the
goal of no net loss for wetland function
is not being met. From scientific litera-
ture, expert presentations, and site vis-
its, the committee found that some re-
quired mitigation projects are never un-
dertaken or are not completed. Of those
completed, most are not fully evaluated,
and in the ones that are, the committee
and other scientists found shortcomings
compared to nearby natural wetlands.
The magnitude of the loss of wetland
functionisnot precisely known since not
enough data are kept on the ecological
status of wetlands that are lost or those
that are restored or created.

Likewise, because of insufficient
data, it wasimpossiblefor the committee
to determine whether there has been no
net loss of wetland acreage. From 1993 to
2000, about 24,000 acresof wetlandswere
alowedto befilled, and 42,000 acreswere
required as compensatory mitigation,
meaning nearly 2 acres should have been
gainedfor every lacrelost. However, the
lack of dataprevented the committeefrom
determining if the required compensation

was ever initiated or if it resulted in
wetlands that would be recognized as
such under federal guidelines.

To better understand the efficacy
of the mitigation program, the Corps
should create a national database to
track the wetland area and functions
gained and lost and to encourage the
establishment of organizationsto moni-
tor mitigated sites, the committee said.

Whenever possible, restoration of
a natural wetland should be chosen
over creation of a new one, the com-
mittee said. It emphasi zed that wetland
restoration or creation will bemost suc-
cessful when properly integrated into
the larger watershed. Current federal
guidelines express a preference for
putting new wetlands as close as pos-
sible to degraded ones, however the
committee concluded that this is not
always the best choice. Rather, creat-
ing new wetlands in areas with proper
water levels and flow rates is the key
to achieving a self-sustaining wetland
that will stand the test of time. Adap-
tive management practices should be
followed, allowing changesto be made
tothewetland based onresults of early
monitoring.

Some types of wetlands, particu-
larly bogs and fens, cannot yet be ef-
fectively restored, so the agencies
should not allow any part of them to
befilled, the committee said.

Whether mitigation is carried out
by the permit holder or a third party,
restoration or creation of a wetland
should occur simultaneously or before
the filling of the natural wetland and
according to established design crite-
ria that are better monitored and en-
forced, the committee said. To ensure
long-term stewardship similar to that
accorded to other publicly valued as-
sets, like national parks, the permit
holder or third party should provide a
stewardship organization, such as a
state agency or private organization
like the Nature Conservancy, with an
easement on or titleto thewetland site
and funds for the long-term monitor-
ing and maintenance of thesite. It may
take 20 yearsor morefor somerestored
or new wetlandsto achieve functiona
goals, the committee noted.

continued on page 8
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continued from page 7

Protecting Wetlands

“Enforcement of these require-
ments by the Corps and other respon-
sible agencies is needed to ensure that
mitigation projects begin on time, meet
the design criteria outlined in the per-
mit, and are monitored long term,” said
committeevicechair Leonard Shabman,
professor, VirginiaPolytechnic Institute
and State University, and director, Vir-
ginia Water Resources Research Cen-
ter, Blacksburg.

The report was sponsored by the
U.S. Environmental Protection Agency,
the U.S. Army Corps of Engineers, the
U.S. Fish and Wildlife Service, and the
National Marine Fisheries Service. The
National Research Council istheprinci-
pal operating arm of the National Acad-
emy of Sciencesand National Academy
of Engineering. Itisaprivate, nonprofit
institution that provides scientific and
technical advice under a congressional
charter. Available online at http://
www.nap.edu.

Press Release (June 26, 2001) from Office of
News and Public Affairs. Contact: Bill Kearney,
Media Relations Officer (202-334-2138) or
email news@nas.edu.

continued from page 6
Current Projects

assess broadly the current scientific
understanding of processes—both in
the environment and in the human
body—that affect whether chemical
contaminants present in soils and sedi-
ments at contaminated sites are
bioavailable to humans, animals, and
plants. Atthecommittee'sfourth meet-
ing April 23-24in Washington, DC, the
committee heard from Roman Lanno of
Oklahoma State University, from Sharon
Fleetwood-Williams of ATSDR, and
from Diane Henshel of IndianaUniver-
sity. Thefifth meeting is scheduled for
August 23-25 in Stanford, CA. The
committee is chaired by Richard G.
Luthy of Stanford University. For more
information, contact LauraEhlersat 202-
334-3422 or lehler s@nas.edu.

Environmental Remediation at Navy
Facilities

Thethird meeting of the Committee
on Environmental Remediation at Navy
Facilities—Phase 2 was February 28—
March 2, 2001, in San Diego, CA. This
committeeisadvising the Navy asit pro-
ceeds with the cleanup of contaminated
soils, sediments, and groundwater at
naval bases and other relevant defense
facilities. Thisphase of work will focus
on the latter stages of hazardous waste
site management. At its meeting, the
committee heard about the cleanup of
contaminated sediment at Navy facilities
and was briefed on several local
remediation projects. Itasotook ahalf-
day field trip to the Navy’'s SPAWAR
laboratory on Pt. Lumaand to Naval Air
Station North Idand. Thecommitteewill
meet five times during its tenure, with
the fourth meeting scheduled for June
28-29, 2001 in Washington, DC. The
committeechair is Edward J. Bouwer of
JohnsHopkins University. For morein-
formation, contact Laura Ehlers at 202-
334-3422 or |ehler s@nas.edul.

Missouri River Ecosystem Science

TheU.S. Army Corpsof Engineers
constructed and operates six mainstem
damson the Missouri River. Due partly
to drought in the basin in the late 1980s
and early 1990s, and due partly to con-
cerns over aquatic habitat degradation,
the Corps considered many options for
revising its Missouri River dam opera-
tions policies. One recommendation
(fromthe Missouri River Basin Associa-
tion) to the Corpswasthat asolid scien-
tific knowledge base was essential for
improved river management.

This WSTB committee has been
charged to characterize the historical and
current ecological status of the Missouri
River and floodplain ecosystem, and re-
view scientific research on the river-
floodplain ecosystem. The committee
will alsoidentify appropriateingtitutional
arrangements for improving ecosystem
monitoring and research, and identify
institutional arrangements that can en-
hance adaptive management of theriver-
floodplain ecosystem.

The committee held itsfifth meeting
inIrvine, CA on February 16-17, where
they spoke with Missouri River expert

John Thorson, and held its sixth and
find meetingin Great Falls, MT onMay
6-7. The committee’s report is sched-
uledto bereleased latein 2001. Steve
Gloss of the University of Wyoming
chairsthe committee. For moreinfor-
mation, contact Jeffrey Jacobsat (202)
334-3422 or jjacobs@nas.edu.

Opportunities to Improve the National
Water Quality Assessment (NAWQA)
Program

The committee held its fifth and
last meeting on June11-12, 2001in Riv-
erside, CA. At the meeting, the com-
mittee reviewed each chapter and all
preliminary conclusions and recom-
mendations of the draft report and de-
veloped a strategy to complete the re-
port. The USGS National Water Qual-
ity Assessment program isaperennial
program, launched in the early 1990s,
to describe the status of, trendsin, and
factors affecting thewater quality con-
ditions. The WSTB has provided ad-
viceto the USGS regarding the estab-
lishment and devel opment of this pro-
gram onthreepreviousoccasions. The
current study will make recommenda-
tions for improvements as the
NAWQA Program entersitssecond 10-
year cycle of monitoring. The
committee’s report is dated to enter
external review in August 2001 and for
subsequent releasein Fal 2001. George
Hallberg of the Cadmus Group, Inc.
chairsthe committee. For moreinfor-
mation, contact Mark Gibson at 202-
334-3422 or mgibson@nas.edu.

Privatization of Water Services in the
United States

Water supply and sewerage ser-
viceswereinitialy privately owned and
operated inmany U.S. cities. Withthe
growth of large citiesand stronger gov-
ernments, local government entities
eventually assumed ownership and
operation of most of the nation’swater
service facilities. But arange of eco-
nomic, regulatory, and fiscal factors
have driven many municipalities to
consider the prospects of privatizing
parts or al of these services. Many
U.S. citiestoday |ease various parts of
their water supply and wastewater
treatment systemsto private operators.
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But although it holds promise for im-
proving water service deliveries and
cutting costs, the long-term conse-
guences of U.S. water service
privatization are not clear. Thiscom-
mittee is reviewing water service
privatization in the U.S. in light of its
economic and fiscal, regulatory, public
service and public health, environmen-
tal, and water quality implications. The
committee helditsfifth and final meet-
ing in Irvine, CA on June 1-2. The
committee’s report is scheduled to be
released latein 2001. CharlesHowe of
the University of Colorado chairs the
committee. For moreinformation, con-
tact Jeffrey Jacobsat (202) 334-3422 or
jjacobs@nas.edu.

Riparian Zones: Functions and Strate-
gies for Management

Thejoint WSTB/BEST Committee
on Riparian Zones held itsfifth and fi-
nal meetingin Washington, DC on Feb-
ruary 22—23. The committee's charge
is to describe the nature and function-
ing of riparian zones and assess the
condition and trends of riparian habi-
tats with respect to water quantity and
quality. Thestudy isreviewing criteria
for theimproved management of ripar-
ian lands and for mitigation of impacts
on such habitats. The committee’sre-
port will be sent to external review in
early summer 2001 and in expected to
becompletedinthefall. Mark Brinson
of East Carolina University chairsthe
committee. For further information,
contact LauraEhlersat 202-334-3422 or
lehlers@nas.edu.

Studies in Hydrologic Science
Thejoint WSTB/BASC committee
met in Washington, DC on June 14-15.
Most of the first day was dedicated to
around-tablewherethe different spon-
soring agenciesoutlined their major un-
resolved hydrologic science issues,
and their plans for implementation of
the Water Cycle Initiative of the U.S.
Globa Change Research Program. The
second day was spent working on re-
portsrelated to the two workshopsheld

last year on“ Predictability and Limitsto
Prediction in Hydrologic Science” and
“Research at the Boundary of Ecology
and Hydrology.” A workshop on
Groundwater FluxesacrossInterfacesis
being planned for May 2001.

Dara Entekhabi of the Massachu-
setts Institute of Technology chairs the
committee. For moreinformation please
contact William Logan at 202-334-3422
or wlogan@nas.edu.

USGS Water Resources Research

The committeemet on March 8-9in
Reston, VA, and on June 21-23 in
Lawrence, Kansas. The primary activity
waswork on thefirst and second drafts
of areport on the National Water-Use
Information Program (NWUIP). Atthe
March meeting they heard presentations
on the USGS minerals assessment
programs, which are partly analogous
tothe NWUIPR At the June meeting, they
heard from the water-use coordinator of
the Central Region of the USGS, and
various Kansas government agency
“cooperators’. They also began work
on eva uation of the selected minimum
national streamflow information needs
and design characteristics of the
National Streamflow Information
Program. Two new members were
recently appointed to the committee:
Allen Bradley of the University of lowa
and Leroy Poff of Colorado State
University. Thiscommitteeischaired by
David Maidment, University of Texas,
Austin. For more information, contact
William Logan at 202-334-3422 or
wlogan@nas.edu.

Risks from Toxicants and Pathogens in
Biosolid Fertilizers

The Board and Environmental
Studiesand Toxicology (with assistance
from the WSTB) recently formed the
Committee on Toxicants and Pathogens
inBiosolid Fertilizerstoreview therisks
and risk-assessment methods used by
EPA for establishing regulatory
standards for chemical pollutants and
pathogens in sludge applied to land as
fertilizer. The study will consider
whether approaches for assessing risks
from chemical and pathogenic pollutants
should be integrated and, if so, which
approaches for integration will be

recommended. It will also build onthe
1996 WSTB report Use of Reclaimed
Water and Sludge in Food Crop
Production. The committee met on
March 14-15 in Washington, DC and
June3-5inlrvine, CA.

The committee is chaired by Tho-
mas Burke of The Johns Hopkins Uni-
versity. The committee also includes
Robert Cooper, BioVir Laboratories, Inc.,
Benicia, CA; Lawrence Curtis, Oregon
State University; Charles Haas, Drexel
University; Carolyn English, Cytec In-
dustries, Inc., Stamford, CT; John
Kaneene, Michigan State University;
Greg Kester, Wisconsin Department of
Natural Resources; Thomas McKone,
Lawrence Berkeley Nationa Laboratory,
Berkeley, CA; lan L. Pepper, University
of Arizona; Suresh Pillai, Texas A&M
University; Frederick Pohland, Univer-
sity of Pittsburgh; Robert S. Reimers,
Tulane University; Rosalind Schoof,
Gradient Corporation, Mercer Island,
WA ; Donald Sparks, University of Dela
ware; and Robert Spear, University of
California, Berkeley. For further infor-
mation, contact Susan Martel at

smartel @nas.edu.

NRC MEETINGS

August 23-25

Committee on Bioavailability
Stanford, California

September 13-14

Water Science and Technology
Board

Washington, DC

September 17-18

Committee on Restoration of the
Greater Everglades Ecosystem
Fort Myers, FL
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FUTURE PROJECTS

Watershed and Water Quality Manage-
ment in the Upper Mississippi River
Basin

The WSTB convened a January
2001 planning workshop for a future
study on watershed management issues
in the Upper Mississippi River Basin.
Severa scientists and federal agency
representatives attended the planning
workshop and the level of interest and
enthusiasm regarding the prospective
study was high. While the WSTB was
discussing prospects for sponsorship
with the agencies, abill wasintroduced
in Congress that includes a provision
for aNational Academies’ study onthe
Upper Mississippi. H.R. 1800, The Up-
per Mississippi River Basin Conserva-
tion Act, was introduced in the House
of Representatives on May 10. Asthis
newsl etter was being published, the bill
had been referred to House agricultural
and resources subcommittees. For more
information on this prospective study
or H.R. 1800, contact Jeffrey Jacobs at
(202) 334-3422 or jjacobs@nas.edu.

Water Disinfection Issues and Alterna-
tives

WSTB staff is seeking funding for
anew initiative that will broadly assess
our current scientific understanding of
water and wastewater disinfection pro-
cesses and their alternatives. For a
broad suite of chemical and physical
disinfectants—including chlorine,
ozone, and UV irradiation—this study
would explore the mechanismsof micro-
bial inactivation via disinfection and
inactivation kinetics, and it will critically
evaluate the methods used to quantify
disinfection efficacy. Inaddition, it will
examine how well emerging and exist-
ing disinfectants provide for residual
maintenance within distribution sys-
tems and it will describe how disinfec-
tant residuals should be managed to
protect against microbial regrowth. A
workshop was held March 28, 2000, in
Washington, DC to bring together pub-
lic and private stakeholders, generate
interest in the study, and identify po-
tential sponsors and committee mem-
bers. Although severa organizations

expressed interest in the project, fund-
ing has not yet been committed. For
moreinformation or to suggest funding
sources, contact Laura Ehlers at 202-
334-3422 or |ehler s@nas.edu.

Assessment of U.S. Army Corps of Engi-
neers’ Economics and Environmental
Analysis and Peer Review of Feasibility
Studies

Section 216 of the Water Resources
Development Act of 2000 (WRDA 2000)
mandated two National Academiesstud-
iesof Corpsof Engineersplanning pro-
cedureswithinitsfeasibility studies: (a)
areview of the Corps state-of-the-art
planning and analytical methods, and
(b) areview of the Corps’ independent
peer review procedures.

In cooperation with the Ocean
Studies Board and the Transportation
Research Board, the WSTB has created
awork plan for executing its congres-
siona mandate. Thisactivity—the"216
studies”—will include the following
four panels, each of which will produce
areport: (1) Corps of Engineer’s Peer
Review Procedures, (2) Methods and
Techniquesof Project Analysis(project-
specific), (3) River Basins and Coastal
Systems (basin-wide), and (4) Resource
Stewardship and Adaptive Manage-
ment. Anoversight committeewill fol-
low and guidethe activitiesof thesefour
panels and will produce a report syn-
thesizing their findings. Membership
of the oversight committeewill include
the chairs of each of the sub-panelsand
4-6 other water sciences and policy ex-
perts.

The peer review study will begin
itsstudy inthelate summer/fall and con-
duct its study over one year, with its
report scheduled for completion by
Summer 2002. The other three panel
studieswill begintheir studiesthisfall;
those studies will be conducted over
twoyears. Theoversight committeewill
releaseits synthesisreport after thefour
panels have completed their studies.
For more information on this activity,
contact Jeffrey Jacobsat (202) 334-3422
or jjacobs@nas.edu.

Water Quality Improvement for the
Pittsburgh Region

Thousands of residents of south-
western Pennsylvania, particularly in
rural aress, lack clean and reliablewater
supplies, adequate wastewater sys-
tems, or both. Moreover, nearly all of
theregion’sresidentsreceivewater from
surface and groundwater sources that
are periodically compromised by inad-
equate sanitation (i.e., contain unaccept-
ablelevelsof potentially harmful micro-
bial pathogens). The cost of the im-
provements necessary to correct this
regional water quality problem arelarge
(projected to cost between 8 and 9.5 bil-
lion dollars). However, the cost of |et-
ting thewater quality problem continue
unabated may be greater over time in
terms of adverse impacts on public
health, the environment, and economic
growth. Regardless of the funding ap-
proach ultimately taken, for many com-
munities a significant gap will remain
between what is needed and what can
beafforded. Thus, infrastructureinvest-
ment must be strategic. Such a proac-
tiveapproach will help obtaininfrastruc-
ture how and where it is needed rather
than where it is forced through regula-
tory actions or as aresult of protracted
and expensivelitigation.

The Water Science and Technol-
ogy Board has been contacted by the
Allegheny Conference on Community
Development and The Pennsylvania
Economy L eague to undertake a study
of thewastewater and related water qual-
ity problems of the Pittsburgh, Penn-
sylvania area and make recommenda
tions on how these issues and needs of
the region can be best addressed by the
multiple jurisdictions on a cooperative
basis. The study should help the pub-
lic and private organizations of the Pitts-
burgh region devel op public awareness
of the issues and the need for collabo-
rative strategies for water quality im-
provement and management. Itisenvi-
sioned that such a WSTB study can
provideaningtructivemodel for the EPA
and other urban areas where aregional
cooperative approach to wastewater
management can be considered. Efforts
to obtain necessary funding are under-
way and the WSTB hopesto initiate the

10
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study in late 2001 or early 2002. For
moreinformation, contact Mark Gibson
at (202) 334-3422 or mgibson@nas.edu.

Services and Values of Aquatic and
Related Terrestrial Ecosystems

Aquatic and related terrestrial eco-
systems include lakes, rivers, streams,
estuaries, wetlands, adjacent riparian
systems, and upland areastogether with
their associated flora and fauna. They
perform numerous environmental func-
tions, such as recycling nutrients, puri-
fying water, attenuating floods, recharg-
ing groundwater, and providing habi-
tatsfor wildlife. Inaddition, aquatic and
related terrestrial ecosystemsoftenform
the basisof economiclivelihood and are
widely used for recreational purposes.
But human activities of al kinds have
increasingly led to pollution, adverse
modification, and devaluation of these
valuable natural resources. While eco-
system functions may be useful mark-
ers for studying the physical, biologi-
cal, and chemical processes at work in
aquatic resources, they are seldom ex-
perienced directly by users of the re-
source. In contrast, economists find it
more helpful to think of the “services’
of a resource—the things that create
valuefor human users. Thusfor aquatic
and related terrestrial ecosystems, the
intrinsic value of hydrologic, bio-
geochemical, and biological services
can be more readily assessed.

The WSTB held a planning work-
shop with an internal grant from the
Academiesinlate 1999toidentify mgjor
issues, important literature, potential
experts, and sponsors for such a study.
The workshop deliberations indicated
that afull committee-based NRC study
that focused on the value of aquatic
ecosystem (and to a lessor extent, re-
lated terrestrial ecosystem) services,
rather than functions, was both war-
ranted and timely. Following thework-
shop, the WSTB received approval from
the National Academies to organize a
study to identify and assess existing
methodsfor defining and assigning eco-
nomic valuesto the services of aquatic
ecosystems. The assessment will also
include consideration of the errors and
biases characteristic of such methods

andwhether their increased use will lead
to improved decision-making with re-
spect to the environmental decision-
making. The proposed study will be
conducted by an expert committee over
an 18-month period that will meet four
or fivetimes during this period to gather
information, deliberate critical issues,
and write its report. At present, fund-
ing efforts for the study are nearing
completion and a committee may be
formed and meet as early as Fall 2001.
For moreinformation, contact study di-
rector Mark Gibson at (202) 334-3422 or
mgibson@nas.edu.

Indicators for Waterborne Pathogens

The United States has secured one
of the cleanest and safest supplies of
drinking and surfacewater in theworld.
Regardless, severa documented disease
outbreaks resulting from waterborne
pathogens still occur every year in this
country and epidemiol ogists generally
agreethat reported outbreaks represent
only afraction of the total waterborne
disease outbreaks that actually occur.
To help ensure high water quality inthe
United States, regulatorshavetradition-
aly used indicator microorganisms to
determine the possible presence of mi-
crobial contamination from human
waste. Enumeration of total coliforms
in water samples has proved to be a
useful method for assessing sewage
contamination of water, and with chlori-
nation to reduce coliform levels, hasled
to a decrease in diseases such as chol-
eraand typhoid fever. However, anin-
creased understanding of the diversity
of waterborne pathogens and their
physiology has resulted in a growing
concern that, among other limitations,
traditional total coliform tests do not
indicate the presence of other important
classes of pathogens such as parasites
and viruses, or of bacterial pathogens
that do not have their originsin human
waste.

Acknowledging recent advancesin
microbiology and molecular biology and
in response to recent rules and legisla-
tion concerning microbia contamination
of water (e.g., the Long-Term 2 En-
hanced Surface Water Treatment Rule
and the Beaches Environmental As-

sessment and Coastal Health Act of
2000, respectively), EPA’'s Office of
Water contacted the NRC's Board on
Life Studies(BLS; administrative lead)
and WSTB to undertake a study of in-
dicatorsof microbia pathogen contami-
nation in U.S. recreational waters (ex-
cluding coastal marine water and ma-
rine/estuarine water) and source water
(including groundwater). Thestudy will
result in a report that suggests candi-
date indicators and/or indicator ap-
proachesthat are deemed scientifically
defensibleand practical to monitor. The
committee will consider the strengths
and weaknesses of the candidates and
how alist of candidates might change
with futuretechnol ogical developments.
Aspart of thiseffort, the committeewill
also review and provide perspectiveon
the current and future importance and
public health impact of waterborne
pathogens both in terms of drinking
water and recreational contact activities.
For more information, contact Mark
Gibson at (202) 334-3422 or mgibson
@nas.edu.

Mass Removal of Contaminants in the
Subsurface

The U.S. Army has over 100 sites
wherethey are spending >$1 million per
year on environmental clean up. They
arefindingit difficult, however, to make
reliable estimates of thetime and money
that will berequired to bring these sites
into compliance with the various fed-
eral environmental regulations. One of
their specific problemsisthe assessment
of the value of incomplete source re-
moval. For example, how muchrisk re-
duction is achieved by removing 80%
of the mass of a source? What data
would one need to collect to answer this
kind of question? The Water Science
and Technology Board and representa-
tivesfromthe U.S. Army Environmen-
tal Center (USAEC) discussed theseis-
sues at the WSTB meeting in Woods
Hole, MA in June2001. TheWSTB and
the USAEC are putting together a pro-
spectus for a proposed study on this
topic. For more information, contact
Laura Ehlers at (202) 334-3422 or
lehlers@nas.edu.
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New WSTB Membership

On July 1, the WSTB underwent
several membership changes. Six new
members—K enneth Bradbury of the
Wisconsin Geological and Natural
History Survey and University of
Wisconsin, James Crook of CH2M
Hill, Peter Gleick of Pacific Institute,
John Letey of the University of
Cdifornia-Riverside, Christine Moe of
the Rollins Scool of Public Health of
Emory University, and Leonard
Shabman of VirginiaPolytechnic
Ingtitute and State University—were
appointed to three-year terms.
Concurrent with these new appoint-
ments, Henry Vaux’s stellar four-year
term aschair ended. Richard Luthy is
appointed as new chair, and Joan
Rose as new vice-chair. John Briscoe
of TheWorld Bank, William Jury of
the University of California-Riverside,
Gary Logsdon of Black & Veatch,
John Morrisof JW. Morris, Ltd.,
Philip Palmer of E.I. du Pont de
Nemours & Co., and RebeccaParkin
of The George Washington University
“retired” from the board. We thank
theseindividualsfor their extraordi-
nary serviceto the board and will look
forward to their continued association
through WSTB committee activities.

Followingisthecurrent WSTB
roster:

Richard Luthy, chair, Stanford
University, Cdifornia

Joan B. Rose, vice-chair, University
of South Florida, St. Petersburg

Richelle Allen-King, Washington
State University, Pullman

Gregory Baecher, University of
Maryland, College Park

Kenneth R. Bradbury, Wisconsin
Geologica and Natural History
Survey and University of Wiscon-
sin, Madison

James Crook, CH2M Hill, Boston,
M assachusetts

Efi Foufoula-Georgiou, University of
Minnesota, St. Paul

Peter Gleick, Pacific Ingtitute,
Oakland, California

Steven Gloss, University of Wyo-
ming, Laramie

John Letey, Jr., University of
Cdlifornia, Riverside

Diane M. McKnight, University of
Colorado, Boulder

ChrigtineL. Moe, Rollins School of
Public Health of Emory University,
Atlanta, Georgia

Rutherford H. Platt, University of
Massachusetts, Amherst

Jerald L. Schnoor, University of
lowa, lowaCity

Leonard Shabman, VirginiaPolytech-
nic Insitute and State University,
Blacksburg

R. Rhodes Trussell, Montgomery
Watson, Pasadena, California

March 3-8, 2000
Cape Town, South Africa

March 3-8, 2002.

Environmental Flows for River Systems

An international conference entitled Environmental Flows for
River Systems: An International Working Conference on Assessment
and Implementation is to be held in Cape Town, South Africa on
It will incorporate the Fourth International
Ecohydraulics Symposium, and address the critically important topic
of sustainable use of water resources in the new millennium. For
further information and registration please call +(27) 21 685 4166 or
email conference2002@southernwaters.co.za.

WSTBREPORTS

Envisioning the Agenda for Water
Resources Research in the Twenty-first
Century

2001

This report discusses the future of the
nation’s water resources and appropri-
ate research needed to promote sustain-
able management of those resources.
Available from the WSTB at 202-334-
3422,

Inland Navigation System Planning: The
Upper Mississippi River-lllinois
Waterway

2001

Thisreport reviewsthe Corps draft fea
sibility study that gaugesthe economic
viability of extending several locks on
the Upper Mississippi River-lllinois
Waterway. Available for $29.75 (see
order form).

Aquifer Storage and Recovery in the
Comprehensive Everglades Restoration
Plan

2001

This report evaluates pilot projects for
ASR in the Everglades. It makes rec-
ommendations for studies of regional
impacts, water quality , and system per-
formance. Availablefromthe WSTB at
202-334-3422.

Investigating Groundwater Systems on
Regional and National Scales

2000

This report makes recommendations
concerningthe USGS Ground Water Re-
sources Program, which is designed to
do regional groundwater assessment
and science. Available for $29.00 (see
order form).

Clean Coastal Waters: Understanding
and Reducing the Effects of Nutrient
Pollution

2000

This report assesses how coastal and
watershed processes affect nutrient
overenrichment of coastal ecosystems
and recommends ways to improve re-
search, monitoring, and management at
thefederal, state, and local levels. Avail-
ablefor $54.95 (see order form).
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Risk Analysis and Uncertainty for Flood
Damage Reduction Studies

2000

This report reviews and assesses the
U.S. Army Corps of Engineers risk
analysistechniquesinitsflood damage
reduction studies. The prepubli-cation
formisavailablefromthe WSTB at 202-
334-3422.

Seeing Into the Earth: Noninvasive Char-
acterization of the Shallow Subsurface
of Environmental and Engineering Ap-
plication

2000

Thisreport examined new and improved
noninvasive methods for characteriza-
tion of the shallow subsurface of the
earth. Available for $35.00 (see order
form).

Natural Attenuation for Groundwater
Remediation

2000

Thisreport examinesnatural attenuation
issues about such as public concerns,
scientific bases, and the criteria for
evaluating its potential for success or
failure. Availablefor $47.95 (seeorder
form).

Watershed Management for Potable
Water Supply: Assessing the New York
City Strategy

2000

Thisreport evaluatesthe New York City
watershed management plan that is
allowing the City to avoid filtration of
its large upstate surface water supply.
A broad range of conclusions and
recommendations are made, many of
which are applicable to surface water
supplies across the country. Available
for $56.00 (seeorder form).

Ecological Indicators for the Nation
2000

The report provides a framework for
selecting ecological indicators, and also
provides recommendations on several
specific indicators for gauging the
integrity of the nation’s ecosystems.
Availablefor $39.95 (see order form).

Hydrologic Science Priorities for the
U.S. Global Change Research Program:
An Initial Assessment

1999

Thisreport makesrecommend-ationsfor
the U.S. Global Change Research
Program. Two broad science areas—
predictability and variability of regional
and global water cycles and coupling
of hydrologic systems and ecosystems
through biogeochemical cycles—are
identified that could augment the
current hydrol ogic sciences content of
the USGCRP. AvailablefromtheWSTB
at 202-334-3422.

Downstream: Adaptive Management of
Glen Canyon Dam and the Colorado
River Ecosystem

1999

Thisreport evaluatesthe strengths and
weaknesses of the Long-Term Moni-
toring and Research Plan of the Grand
Canyon Monitoring and Research
Center. Availablefor $41.50 (seeorder
form).

Identifying Future Drinking Water Con-
taminants

1999

This report summarizes a workshop
based on prioritizing potentia drinking
water contaminants for inclusion on
future Drinking Water Contaminant
Candidate Lists. Available for $45.00
(see order form).

Water for the Future: The West Bank
and Gaza Strip, Israel, and Jordan
1999

This report recommends that Israel,
Jordan, and the Palestinian Authority
work together to preserve aquatic
ecosystemsinthe Middle East to ensure
that an adequate supply of fresh, high-
quality water is available for future
generations. Thereport offersarange
of findings and observations on water
resource management options for this
area. Available for $35.00 (see order
form).

New Directions in Water Resources
Planning for the U.S. Army Corps of
Engineers

1999

This report identifies several ways in

which the Corps might reduce the time
required in water project planning. The
report al so recommendsthat thefederal
Principlesand Guidelinesfor Water and
Land Resources I mplementation Studies
be thoroughly reviewed and
modernized. Available for $39.00 (see
order form).

Hydrologic Hazards Science at the U.S.
Geological Survey
1999

This report provides advice to the
U.S. Geological Survey with respect to
its research, interpretive studies, and
data collection efforts in the area of
hydrologic hazards, which includes
droughts, flooding, and related
phenomena. Availablefromthe WSTB
at 202-334-3422.

Improving American River Flood Fre-
guency Analyses

1999

Thisreport eval uates the useful-ness of
various kinds of data, including
historical and paleoflood data; recom-
mendsflood flow frequency distribution
for the American River; and reviews
recent scientific literature on climate
variability and flood frequency.
Available from the WSTB at 202-334-
A2

New Strategies for America’s Water-
sheds

1999

This report provides a timely and
comprehensive look at the rise of
“watershed thinking” among scientists
and policymakers and recommends
waysto steer the nation toward improved
watershed management. Available for
$49.00 (seeorder form).

Setting Priorities for Drinking Water
Contaminants

1999

This report provides a phased decision
process for determining which
contaminants on the Contaminant
Candidate List are appropriate for
regulatory decisions and which will
require research or monitoring.
Availablefor $35.00 (seeorder form).

\olume 18 « Number 2 « May/June 2001

13



Environmental Cleanup at Navy
Facilities: Risk-Based Methods

1999

This report reviews and critiques risk-
based cleanup methods, including those
devel oped by the EPA and the American
Society of Testing and Materials, and
identifieseleven criteriathat must be part
of any risk-based methodol ogy adopted
by theNavy. Availablefromthe WSTB
at 202-334-3422.

Issues in Potable Reuse: The Viability
of Augmenting Drinking Water Supplies
With Reclaimed Water

1998

Thisreport looksat theissuesinvolving
the use of reclaimed water to
supplement drinking water supplies. It
discusses issues of water treatment
technology, monitoring, and testing of
reclaimed water to ensure public safety.
Availablefor $44.95 (see order form).

Hydrologic Sciences: Taking Stock and
Looking Ahead

1998

The WSTB used the opportunity of its
1997 Abel Wolman Distinguished
Lecture to assess the vitality of the
hydrologic sciences by the hydrologic
community. Thisreportisacompilation
of the Wolman L ecture and four invited
papers, preceded by a summarizing
overview. Available for $35.00 (see
order form).

Innovations in Ground Water and Soil
Cleanup

1997

Thisreport provides acompre-hensive
review of the status of innovative
technologiesfor subsurface cleanup. It
also recommends strategies for
increasing market demand for innovative
remediation technol ogies, standardizing
the collection of pilot and field test data
on these technologies, and evaluating
costdata. Availablefor $44.95 (seeorder
form).

Valuing Ground Water

1997

This report examines approaches for
assessing the economic value of
groundwater and the costs of

contaminating or depleting this
resource. It suggests a framework for
policymakers and managers to use in
evaluating tradeoffs when there are
competing uses for groundwater.
Availablefor $39.95 (see order form).

Building a Foundation for Environ-
mental Research

1997

This report outlines a new framework
for organizing the research program at
EPA’s Office of Research and
Development. The report callsfor the
establishment of two kinds of research
problem-driven research and core
research. Availablefromthe WSTB at
202-334-3422.

Watershed Research in the U.S.
Geological Survey

1997

This report is intended to assist the
USGSinimproving itsoverall strategy
for watershed research. Availablefrom
the WSTB at 202-334-3422.

Safe Water from Every Tap: Improving
Water Service to Small Communities
1997

This report assesses the quality of
drinking water in small communitiesand
recommends a three-part strategy for
improvingit. Availablefor $44.95 (see
order form).

Alluvial Fan Flooding

1996

This report provides an updated
regulatory definition of alluvial fan
flooding, presents criteriafor ng
whether an areais or is not subject to
such flooding, and provides examples
of applying the definition and criteria
to real situations. Available from the
WSTB at 202-334-3422.

Freshwater Ecosystems: Revitalizing
Educational Programs in Limnology
1996

Thisreport providesan overview of the
status of inland waters, the history of
limnology, and key future problemsthat
may face water resource managers. It
recommends changes in limnology
education and research to meet the
needs of water resource management.

Availablefor $54.95 (see order form).

A New Era for Irrigation

1996

This report explores the impacts of
changing supply and demand condi-
tions, assesses current and potential
technologies that might help water
users adapt to changing conditions,
and considers how to mitigate short-
and long-term problems associated with
irrigation. Available for $39.95 (see
order form).

Hazardous Materials in the Hydrologic
Environment: The Role of the U.S.
Geological Survey

1996

This report attempts to help shape the
overal framework of theU.S. Geologica
Survey’sresearchin hazardousmaterias
science and technology and identifies
general areas of scientific opportunity.
Available from the WSTB at 202-334-
3422,

River Resource Management in the
Grand Canyon

1996

This report assesses the achievements
and shortcomings of the Bureau of
Reclamation’s Glen Canyon Environ-
mental Studies and reviews the final
research done under the program.
Availablefor $35.00 (see order form).

Use of Reclaimed Water and Sludge in
Food Crop Production

1996

This report reviews the current state-
of-the-practice, public health concerns,
existing guidelinesand regulations, and
implementation issues of using
municipal wastewater and sludge in
food crop production. Available for
$34.00 (seeorder form).

Wetlands: Characteristics and Bound-
aries

1995

Thisreport analyzes present regul atory
practicerelated to wetlands delineation
and recommends changes that should
bolster the objectivity and scientific
validity of wetlands delineation and
identification. Availablefor $42.95 (see
order form).
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Flood Risk Management and the
American River Basin: An Evaluation
1995

Thisbook reviewsthe U.S. Army Corps
of Engineers investigations of flood
control options for the American River
basin and evaluates flood control
feasibility studies for the watershed.
Availablefor $29.00 (see order form).

Mexico City’s Water Supply: Improving
the Outlook for Sustainability

1995

This bilingual report addresses the
technical, health, regulatory, and social
aspects of groundwater withdrawals,
water use, and water quality in the
Mexico City metropolitan area and
recommends ways to improve the
balance of water supply, demand, and
conservation. Available for $30.00 (see
order form).

Review of EPA’s Environmental Monitor-
ing and Assessment Program: Overall
Evaluation

1995

Thisfinal review of ERPA’'sEnvironmental
Monitoring and Assessment Program
(EMAP) evaluates whether EMAP's
goals of assessing the status of and
trends in the nation's ecosystems are
achievable, giventhedifficult scientific,

practical, and management challenges
of implementing them. Available for
$35.00 (seeorder form).

Alternatives for Ground Water Cleanup
1994

This report evaluates the efficacy of
pump and treat systems at nearly 80
contaminated sites, providing detailed
case studies for severa of the sites.
Available for $64.75 (see order form;
print on demand).

Ground Water Recharge: Using Waters
of Impaired Quality

1994

This report examines the use of waters
of less-than-ideal quality, such as
treated municipal wastewater and urban
stormwater runoff, as sources for
artificial groundwater recharge projects.
Available for $59.25 (see order form;
print on demand).

Managing Wastewater in Coastal Urban
Areas

1993

This report examines the problems of
wastewater and stormwater manage-
ment in coastal urban settings, recom-
mending a system of integrated coastal
management. Availablefor $54.95 (see
order form).

In Situ Bioremediation: When Does It
Work?

1993

This report provides direction for
decision-makers and offers detailed
explanations of the processesinvolved
inin situ bioremediation, circumstances
in which it is best used, and methods
for evaluating the results of
bioremediation projects. Available for
$34.95 (seeorder form).

Water Science and Technology Board

The Water Science and Technology Board (WSTB) is a unit of the National
Research Council, which serves as an independent advisor to the federal
government on scientific and technical questions of national importance. The
National Research Council, jointly administered by the National Academy of
Sciences, the National Academy of Engineering, and the Institute of Medicine,
brings the resources of the scientific and technical community to bear on
national problems through its volunteer advisory committees.

This newsletter is produced three times a year and is distributed at no
charge to subscribers in February, June, and October each year. Editorial
office: National Research Council, Water Science and Technology Board, HA
462, 2101 Constitution Avenue., N.W., Washington, D.C. 20418, 202-334-

3422.

Editor: William Logan
Associate editor: Ellen de Guzman
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