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GROUNDWATER FLUXES ACROSS INTERFACES
by William Logan

Atmospheric, surface, and subsurface
portions of the hydrologic system are dynam-
ically linked, but have very different time and
space scales.  Although scientific advances
have been made in understanding each of
these reservoirs, many challenges remain in
understanding and measuring the interchang-
es among them. Interchanges with the sub-
surface, i.e., groundwater recharge and dis-
charge, can be particularly problematical.
While considerable attention has been given
to both the theory and measurement of
groundwater fluxes to and from surface water
bodies, obtaining accurate estimates of the
spatial and temporal distribution of these flux-
es is often difficult.  Similarly, there are no stan-
dard procedures for measuring recharge to the
groundwater system from precipitation.

Problem Definition and Motivation
The measurement difficulties arise in part

because of the diffuse nature and spatially

large extent of most recharge and discharge ar-
eas.  Challenges in addressing issues related to
groundwater fluxes also arise because the sub-
ject cuts across many different disciplines in-
cluding soil science, hydrology, oceanography,
geochemistry, geophysics, and wetland ecolo-
gy.  Estimates of recharge/discharge fluxes are
needed at many different scales and for many
different purposes, including evaluating local
risks of landslides, basin-scale sustainable use
and management of groundwater resources,
management of nuclear waste, and global bud-
gets of water and greenhouse gasses for cli-
mate studies.  Because of these many issues,
various scientific committees and federal agen-
cies have identified groundwater fluxes at inter-
faces as a priority area for research.

To respond to this need, the Committee on
Hydrologic Science (COHS) organized and
convened a workshop in Egg Harbor, WI in
May 2002.  The participants were asked to

James J. Morgan Will Deliver the 13th Abel Wolman Lecture on January 26, 2004
James J. Morgan, professor of environ-

mental engineering science from California In-
stitute of Technology, will deliver the 13th Abel
Wolman lecture, What Water Quality Is. We Must
Go to the Matrices of Sources, Uses, Criteria,
Standards, and Technology on January 26, 2004.

Abel Wolman tackled the concept of a qual-
ity index for drinking water 85 years ago on the
basis of just three characteristics: coliform bac-
teria, watershed protection, and the reliability
of the treatment works. Today we are a long
way “down river” from Wolman’s pioneering
concept. Many new obstacles to what Wolman
called “the struggle for quality” have had to be
faced and overcome in protecting human health
and aquatic ecosystems throughout the past
century. The historic water quality paradigm of
criteria, standards, and treatment faces a grow-
ing challenge in the form of a seemingly ever-
growing catalog of potentially harmful chemical
substances. How should the water profession
respond?

Over a 40-year career, Dr. Morgan has made
many contributions to engineering and society
through basic research and applications of chem-
istry to water purification and pollution control.

The program will begin at 4:00 p.m. in the
Auditorium of the National Academies, 2101 Con-
stitution Avenue, NW, Washington, D.C. A recep-
tion will follow the Lecture in the Great Hall. The
event is free and open to the public. In order to
accommodate our audience, please RSVP to Anita
Hall at the WSTB at either (202) 334-3422 or
ahall@nas.edu.
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Watermarks

Congratulations to WSTB staff officer Stephanie Johnson for receiving
her Ph.D. in environmental sciences from the University of Virginia August
2003.  Her thesis is titled “ Influence of Microorganisms on the Fate of
Soil-Aged Atrazine.“

Congratulations also to WSTB research associate and newsletter
associate editor Ellen de Guzman for receiving an NRC Distinguished
Service Award for 2003.

continued from page 1

Groundwater Fluxes...
examine and assess current and pro-
posed methods of estimating recharge
and discharge rates and identify meth-
ods that hold the most promise for ad-
dressing three general issues related to
groundwater recharge and discharge:
diffuse vs. focused fluxes, climate feed-
back functions, and spatial and tempo-
ral scales.   Prior to the meeting partici-
pants provided written material, which
were presented during the workshop
and accordingly revised after discus-
sions.  These discussions and written
materials provided much of both the
structure and the content for the recent-
ly published NRC report, Groundwa-
ter Fluxes Across Interfaces (the report
will soon be available at http://
www.nap.edu).  The report includes
discussions on spatial and temporal
variability in diffuse and focused
groundwater recharge and discharge,
the interaction of groundwater with
the climate system, and the spatial
and temporal scales of recharge and
discharge fluxes.

Findings and Recommendations

Spatial and Temporal Variability of
Recharge and Discharge

Our ability to quantify spatial
and temporal variability in recharge
and discharge is inadequate and must
be improved given the importance of
groundwater in the hydrologic cycle,
its contribution to base flow in
streams and inflow to lakes, and soci-
ety’s reliance upon it for water sup-
ply.  Also, the spatial distribution of
recharge fluxes influences the vulner-
ability of aquifers to contamination
and the discharge of groundwater into
wetlands influences associated eco-
logical and biogeochemical process-
es.

A key science question is how
landscape heterogeneity controls
spatial and temporal variability of re-
charge and discharge.  Addressing
this question requires consideration
of geology, biology and climate in-
cluding variability in soils, topogra-
phy and vegetation.  Since there are

no uniformly applicable methods for
measuring and quantifying recharge/
discharge fluxes in space and time,
this limits our understanding of its
distribution and process.

Experimental benchmark sites
should be established with the goal
of improving both measurement tech-
niques and the understanding of the
processes of groundwater recharge
and discharge.  These sites should
include a wide range of geologic, cli-
matic and landscape types and
should be integrated with existing
NSF, USDA/ARS and similar experi-
mental watersheds.  The proposed
experimental benchmark sites program
should also work cooperatively with
field programs connected with large-
scale hydroclimatic studies—for ex-
ample, the WCRP Global Energy and
Water Experiment (GEWEX) and with
studies conducted under the NSF-
supported CUAHSI (Consortium of
Universities for the Advancement of
Hydrologic Science, Inc.) initiative.

A study/workshop should be ini-
tiated with the goal of developing
scientific and implementation plans
for such experimental benchmark
sites, perhaps as part of CUAHSI.
Such an activity would determine
which sites would be most valuable
to improving the science of ground-
water discharge and research, the rel-
evant science questions specific to
particular sites, the range of measure-
ment and modeling that would be un-
dertaken and an evaluation of the his-
torical data available for designing
experiments.

Scaling of Recharge and Discharge
Groundwater measurements are

needed across a range of temporal and

spatial scales—measurements at one
scale are often needed to address
questions at another scale.  For ex-
ample, remote sensing techniques
provide extensive, spatially complete
data sets that hold promise for ad-
dressing many of the unresolved
questions identified in the NRC re-
port.  However, these data often pro-
vide information at large regional
scales, like the information soon to
be available from the NASA-support-
ed micro-gravity mission GRACE
(Gravity Recovery and Climate Exper-
iment), and must be integrated with
information generated at smaller
scales.  This will require an under-
standing on how groundwater pro-
cesses scale spatially and temporal-
ly.  For example, it is unclear how the
variability measured at small scales
will change as one moves up in scale,
and whether there are thresholds of
continuity or uniformity that correlate
with practical scales of measurements.

Another caveat is in order.  Much
of the new technology to address
spatial scaling issues relates to near-
surface measurements. Such measure-
ments may provide ways to estimate
net infiltration, by measuring surface
evaporation and plant consumption,
not by measuring net recharge direct-
ly.  However, more accurate recharge
estimates may be made not at or near
the soil surface but deeper under-
ground where flow is less coupled to
other mass and energy transfer pro-
cesses than is flow in the soil-plant-
atmosphere system.  At depth, the
effects of evapotranspiration, and
spatial and temporal fluctuations in
infiltration are attenuated, rendering
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Review of the Desalination and Water Purification Technology Roadmap
by Stephanie Johnson

In order to minimize future regional
and international conflicts and maintain
economic development, the United
States will need sustainable supplies of
high-quality fresh water.  The Desali-
nation and Water Purification Technol-
ogy Roadmap (Roadmap) was devel-
oped by the Bureau of Reclamation (Bu-
Rec) and Sandia National Laboratories
as a strategic pathway for future desali-
nation and water purification research
so that desalination technologies might
“contribute significantly to ensuring a
safe, sustainable, affordable, and ade-
quate water supply for the United
States.”  BuRec plans to use the Road-
map to guide investment decisions and
to help structure the selection of desali-
nation research and development
projects.

Over the last nine months, a WSTB
committee has studied the Roadmap and
provided its preliminary assessment in
the Letter Report on the Review of the
Desalination and Water Purification
Technology Roadmap.  The report ad-
dresses whether the Roadmap presents
an appropriate and effective course to
help address future freshwater needs in
the United States and provides recom-
mendations regarding the vision state-
ment, targets for critical research objec-
tives, desalination technology needs,
and implementation.  A more detailed
review of the Roadmap will be provided
in the committee’s final report, which is
in review and expected to be released in
January 2004.

Desalination technologies have the
potential to become important compo-
nents of future water supply manage-
ment; thus, the report notes that a na-
tional research plan for desalination and
water purification technology is impor-
tant and necessary to help meet the na-
tion’s future water needs.  The report
concludes that this Roadmap and its
underlying process appear to present
an appropriate framework for advanc-
ing research in several areas of desali-
nation and water purification technolo-
gy to help address future water needs

in the United States, and recommends
their continuation.

The report offers several sugges-
tions to improve the effectiveness of the
Roadmap.  A stronger emphasis on re-
search to support advances in technol-
ogy is encouraged, since little attention
is devoted to the technologies and the
associated research needed to meet the
identified Roadmap’s water supply ob-
jectives.  For example, the Roadmap pre-
sents targets for research, but the ori-
gin and plausibility of these targets are
not explained.  The Roadmap could be
strengthened as a whole by more thor-
ough descriptions of the technologies
and associated research opportunities,
along with a list of technical references
supporting the technologies identified
in the report.

Overall, the report concludes that
the five broad areas of desalination and
water purification technologies identi-
fied in the Roadmap (membrane, alter-
native, thermal, concentrate manage-
ment, reuse/recycling) represent top
priority areas for research and develop-
ment, but the issues of corresponding
energy use and air emissions resulting
from these energy intensive technolo-
gies should also be addressed.  The re-
port also notes that the overarching vi-
sion for the Roadmap appears to stray
into formulation of national water poli-
cy rather than remaining fo-
cused on a research plan to
address desalination and wa-
ter purification technologies
related to future national wa-
ter supply needs.

The report further con-
cludes that the effectiveness
of the Roadmap will ultimate-
ly depend on its future imple-
mentation plans, which are
not yet resolved.  The report
recommends that a general
plan of implementation for the
research initiative be devel-
oped that should include
mechanisms for setting priori-
ties for research, engaging a

wide range of scientists and engineers,
and funding research projects through
a rigorous peer-review process.  Infor-
mation developed through the Road-
map should be communicated effec-
tively to industry, decision makers, and
the general public in order to advance
new desalination technologies and
maintain support for the program.

The committee’s final report will
include an overview of water availabil-
ity and desalination, a general assess-
ment of the Roadmap that expands on
the letter report, and a review of each
of the broad desalination and water
purification research areas identified in
the Roadmap.  It will present opportu-
nities for cost reductions by further
research in each of these areas, topics
that deserve further study, and priori-
ties for future research.  The report will
also provide suggestions for imple-
menting the Roadmap and communi-
cating the results of the initiative.

David Marks of the Massachu-
setts Institute of Technology chairs the
committee.  For more information, con-
tact Stephanie Johnson at (202)334-3385
or sjohnson@nas.edu.

NEW REPORT

Stephanie Johnson is a staff officer
with the Water Science and Technol-
ogy Board.

Important Notice to Our
International Subscribers

The WSTB regrets that it will no longer
be able to offer paper copies of the news-
letter to our international subscribers due
to the growing cost of international mail.
Instead, we will offer an electronic version
of the newsletter through our website
http://nationalacademies.org/wstb/ or
through email subscriptions by writing to
edguzman@nas.edu with subject “sub-
scribe to WSTB newsletter.”  We thank you
for your understanding and we hope that
you will continue to be interested in re-
ceiving copies of the newsletter.
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 William Logan is a senior staff officer with
the Water Science and Technology Board.

continued from page 2

Groundwater Fluxes..
deeper subsurface flow more uniform
and therefore easier to quantify (Fig-
ure 1).

A graph or series of graphs of flux
rate vs. spatial or temporal averaging
scale might be drawn analogous to
those that show the scaling behavior
of porosity or correlation length in
heterogeneous porous media.  By ex-
amining the relative magnitude and
variability of groundwater fluxes at
increasing spatial and temporal scales,
we may discover thresholds of conti-
nuity or uniformity that correlate with
practical scales of measurement and/
or application.

A broad and coherent strategy
for the observation of groundwater
recharge and discharge across scales
is needed.  This includes developing
sensors that measure recharge and
discharge at “point” scales, support-
ing research to increase scientific
understanding of the scaling of these
measurements and underlying pro-
cesses, developing procedures for
integrating measurements and obser-
vations across scales, and generat-
ing mathematical tools to assimilate
and synthesize observations at all
scales into groundwater process
models.  Such a strategy could be test-
ed on both the benchmark sites (as
mentioned above) and on aquifers of
regional extent.

Interactions of Groundwater with
Climate

The roles of groundwater stor-
age, and recharge and discharge flux-
es in the climate system are under-

appreciated and poorly understood.
Because groundwater is the largest
reservoir of fresh water in the hydro-
logic cycle, characterization of the
linkage between groundwater and cli-
mate is crucial.  Groundwater plays
an important role in the carbon cycle
and related subsurface biogeochemi-
cal processes, and therefore the vari-
ability and fluctuation in groundwa-
ter levels can influence climate.  For
example, the net accumulation (or de-
pletion) of peat (and the sequestra-
tion or release of its stored carbon)
depends on the depth of the water
table, and whether peat is under aer-
obic or anaerobic conditions. Climate
change may alter the temporal and
spatial distributions of groundwater
recharge and discharge and, there-
fore, availability of the groundwater
resource.  Better understanding of the
linkage between groundwater re-
sources and paleoclimatic conditions
would be helpful in understanding
past climate and its variability and
would supplement information de-
rived from study of tree rings and ice
cores.

Research should address the re-
lationship between long-term fluctu-
ations in groundwater levels in aqui-
fers at a regional scale and climatic
variability.  Such efforts would in-
clude the preservation and study of
historical data on groundwater levels,
and related hydrologic data such as
streamflow records and lake levels, in
areas unaffected by direct human in-
fluence.  These efforts should include
a broad range of techniques includ-
ing paleoclimatic research such as re-
construction of paleolake levels and
isotope geochemistry of old ground-

water to provide insights into climatic
variables such as paleo-temperature.

Research is also needed to allow
for better representation of groundwa-
ter processes in climate models, in-
cluding more realistic storage param-
eters, landscape partitioning into re-
charge and discharge areas, ground-
water uptake by vegetation, and flux-
es to wetlands, lakes and streams.
Data from the benchmark sites dis-
cussed above could be utilized to test
the improved parameterizations.

Additionally, a better understand-
ing of the effects of human use of
groundwater for water supply on cli-
mate is needed.  This would require
comprehensive tabulation of region-
al, continental and global groundwa-
ter withdrawals and the extent of the
area of wetlands drained during the
past century accompanied by evalua-
tion of the effects of the withdrawals
and drainage on climate.

The workshop was co-chaired by
Mary P. Anderson (University of Wis-
consin, Madison) and John L. Wilson
(New Mexico Tech).  Other COHS mem-
bers were Dara Entekhabi (chair through
December 31, 2002; Massachusetts In-
stitute of Technology), Eric F. Wood
(present chair; Princeton University),
Victor R. Baker (University of Arizona),
Nancy B. Grimm (Arizona State Univer-
sity), George M. Hornberger (University
of Virginia), Dennis P. Lettenmaier (Uni-
versity of Washington), William K.
Nuttle (consultant), Kenneth W. Potter
(University of Wisconsin, Madison),
and John O. Roads (Scripps Institution
of Oceanography).
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ous phases of the workshop, including:
Jean M. Bahr, Kenneth R. Bradbury,
Michael D. Dettinger, Christopher J.
Duffy, Hendrik M. Haitjema, Stacy E.
Howington, Randall J. Hunt, P. C. D.
(Chris) Milly, Shlomo P. Neuman, Mat-
thew Rodell, Guido D. Salvucci, Bridget
R. Scanlon, John S. Selker, Donald I. Sie-
gel, Leslie Smith, and William W. Woess-
ner.

FIGURE 1
Schematic illustra-

tion of the smoothing
of the recharge
signal as water

enters the subsur-
face as infiltration
and some compo-

nent of this arrives
at the water table
after percolating

through the vadose
zone.
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NEW REPORT

A Review of the EPA Water Security Research and Technical Support Action Plan
by Stephanie Johnson

The events of September 11, 2001
heightened concerns regarding the
vulnerabilities of critical infrastruc-
tures, including the nation’s water sys-
tems, to deliberate attack.  The Envi-
ronmental Protection Agency holds
lead responsibility for protecting U.S.
water systems, and in support of these
responsibilities, the EPA recently de-
veloped the Water Security Research
and Technical Support Action Plan.
The Action Plan outlines research and
technical support needs for prevent-
ing, preparing for, and responding to
physical, cyber, and contaminant at-
tacks on drinking water and wastewa-
ter systems and presents a prioritized
list of projects to address these needs.
A review of the Action Plan is present-
ed in a new NRC report, A Review of
the EPA Water Security Research and
Technical Support Action Plan.

Findings and Recommendations

Overarching Issues
The report recognizes the need to

act quickly to address issues of water
security and concludes that the EPA
strategy to emphasize research and
technical support projects that have
immediate usability is a sound one.
However, the Action Plan would be
strengthened if it more clearly present-
ed how the projects contribute to im-
proving the nation’s water security (for
an example, see Figure 2).  The report
encourages the EPA to include plans
for integrating the results of the Action
Plan into a comprehensive prepared-
ness and response guidance document,
which would direct a utility through
available prevention strategies, infor-
mation resources, communication plan-
ning, and response and recovery ac-
tions.

The report recommends that the
EPA water security efforts emphasize
continually improving the response and
recovery capacity while also identify-
ing cost-effective preventive or mitiga-
tive countermeasures.  The ability to
respond to a water security event will

require a process of successive approx-
imations that will gradually improve as
information and methods improve.  The
report advocates that key tasks that
have relatively quick and immediate
value should be given higher priority
over longer-term projects.  To support
these prioritizing principles, the EPA
should emphasize projects that would:

•  Mine existing data and assemble it
in an accessible and immediately use-
able form,

• Develop early and effective infor-
mation transfer,

•  Assess and communicate the value
of water security measures, and

•  Consider the funding constraints
of the end users.

In order to facilitate integration of
the research findings and frequent up-
dating of the water security guidance,
the report encourages EPA to imple-
ment a water security management plan
within the agency that includes ade-
quate continuing resources and effec-
tive, stable leadership.

Several additional suggestions are
provided to strengthen the overall Ac-
tion Plan.  EPA should pay particular
attention to improving interagency co-

ordination and determining the roles
and capabilities of other agencies with
regard to water security.  The report
notes that developing an effective com-
munication strategy that meets the
needs of the broad range of stakehold-
ers, while addressing security con-
cerns, should be among the highest
priorities for the EPA.

Assessment of Water Security Needs
and Projects

The Action Plan presents 33 re-
search and technical support needs for
drinking water and wastewater securi-
ty and outlines 123 supporting
projects.  For drinking water, these are
grouped into the following categories:
(1) protecting physical and cyber in-
frastructure, (2) identifying drinking
water contaminants, (3) improving an-
alytical methodologies and monitoring,
(4) containing, treating, decontaminat-
ing, and disposing of contaminated
water and materials, (5) planning for
contingencies and addressing infra-
structure interdependencies, and (6)
targeting impacts on human health and
informing the public about risks.

The report proposes two new re-
search and technical support needs

New Science
and Research

Databases

Tools and Methods

Communication 
Strategies

Water Security
Implementation

Plans 
for Utilities 

and Regional 
Agencies

Integrated
Water Security 
Prevention and 

Response
Guidance 

(Includes EPA 
Communications 

Plan and 
Supporting 

“Play Books”)

Assessments and
Lessons Learned

Financial Resources and Policy Issues

Action Plan

FIGURE 2  Example framework for depicting the contributions of the EPA
Water Security Research and Technical Support Action Plan to the broader
needs for protecting the nation’s water systems.

continues on page 6
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Review of the U.S. Army Corps of Engineers Restructured Draft Feasibility Study
for the Upper Mississippi River-Illinois Waterway System: Phase II
by Jeffrey Jacobs

In early 2001, the WSTB, in coop-
eration with the NRC’s Transportation
Research Board, issued the report, In-
land Navigation System Planning: The
upper Mississippi River-Illinois Water-
way, which reviewed the Corps of En-
gineers’ feasibility study of the Upper
Mississippi River-Illinois Waterway
(UMR-IWW).  The Corps has since
been restructuring its feasibility study.
In March 2003, the Corps requested the
WSTB to convene another committee
to review the Corps’ restructured feasi-
bility study.  Like the 2001 report (Phase
I), this study (Phase II) evaluates eco-
nomics models used by the Corps for
forecasting future commodity prices,
demands, and levels of waterway traf-
fic.  The charge to the Phase II commit-
tee, however, is of a broader scope, as
it includes review of the restructured
study’s environmental analyses and
efforts at integrating economic, envi-
ronmental, and management consider-
ations.

The first report from the Phase II
study (issued in December 2003 and
summarized below) commented upon

and 13 new projects for drinking water.
The new proposed needs are:

•  Assessments of costs and benefits
associated with various countermea-
sures and assistance in communicat-
ing the value of water; and

•  Explicit understanding of the role
of failure of the “human subsystem”
and possible contingencies.

The report evaluates the focus of
each of the proposed projects, and op-
portunities for cross-project coordina-
tion are presented.  The report does
not advocate deletion of any of the
Action Plan projects, although some
reprioritization is suggested.  Some
examples of suggested new projects
include: examining spatial and tempo-
ral sampling requirements for water
security events, refining distribution
system models to consider decay rates
of water contaminants, conducting an
analysis of risk communication strate-
gies for past disaster events, and de-
veloping a national training program
on risk communication planning for
water managers.  Several recommen-
dations are also provided to focus the
EPA effort on more reasonable near-
term goals and to clarify longer-term
research objectives.

There are many health-related is-
sues related to the security of the na-
tion’s wastewater plants, since many
surface water supplies for drinking wa-
ter contain treated wastewater.  The
wastewater collection system also
serves as a potential conduit to dam-
age numerous structures in a region.
Thus, the report concludes that it is
appropriate to give consideration to
the security of the nation’s wastewa-
ter systems, although the human
health consequences may be some-
what more indirect than in the case of
drinking water systems.  Nevertheless,
the Action Plan contains considerably
less information on the security of the
wastewater infrastructure than on
drinking water systems.  The report
suggests that more thought should be
given to the wastewater systems se-

curity and the interdependencies be-
tween drinking water and wastewater
systems.  The report concludes that
ongoing wastewater security projects
are appropriate to meet the most press-
ing needs for wastewater, but several
additional projects are suggested, in-
cluding management and disposal of
contaminated waste and sludge and
the adequacy of plant worker protec-
tion during potential water security at-
tacks.

Implementation of the Action Plan
involves communicating and dissemi-
nating results, building collaborative
relationships, and coordinating re-
sponsibilities with other organizations
and agencies.  Several additional
projects are suggested to improve im-
plementation, including an analysis of
the consequences of various levels of
information security, an assessment of

Stephanie Johnson is a staff officer
with the Water Science and Technol-
ogy Board.

NEW REPORTcontinued from page 5

Water Security Research...

the benefits and limitations of existing
methods of dissemination (e.g., web
pages, the Water Information Sharing
and Analysis Center), and research on
means to utilize pertinent information
from the community.

The study was sponsored by the
Environmental Protection Agency, and
the Panel on Water System Security Re-
search was chaired by Gary Westerhoff
of Malcolm Pirnie, Inc.  Copies of the
report are available from the WSTB of-
fice at (202)334-3422 or sjohnson@
nas.edu.

models for calculating benefits of water-
way infrastructure improvements, future
demands for waterway transportation,
projections of future U.S. grain exports,
waterway traffic management alterna-
tives, the feasibility study schedule, and
river science and ecology.  Two more re-
ports will be issued in this study, one in
Summer 2004 and one in early 2005.

Waterway Transportation Demands
The Corps has been developing a

spatial model that would calculate the
benefits of infrastructure improvements
on the Upper Mississippi River-Illinois
Waterway and calculate variations in
grain shipping costs and modes of grain
transport.  Toward this end, the Corps
has applied a traditional Corps Tow Cost
Model (TCM) and has been developing
its “ESSENCE” model.  The committee
has not been presented with detailed in-
formation on the TCM but will learn more
about it as it proceeds.  Fundamental
conceptual flaws in the ESSENCE model
render it unfit for use in the feasibility

continues next page
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NRC MEETINGS

Texas Instream Flows
January 12-14, 2004, San Antonio, Texas

Water Science and Technology Board Meeting
January 26-27, 2004, Washington, DC

13th Abel Wolman Lecture
January 26, 2004, Washington, DC

Water Quality Improvement in Pittsburgh Region
February 5-6, 2004, Washington, DC

Source Removal of Contaminants in Subsurface
February 23-24, 2004, Sedona, Arizona

Comprehensive Restoration of the Greater Everglades Ecosystem
February 26-27, 2004, Washington, DC

these and other factors such as water
quality, flood damage reduction, and
sediment transport in order to reflect a
more holistic approach to dealing with
the diverse management issues in the
UMR-IWW.  The Corps should also
implement adaptive management con-
cepts and approaches throughout the
planning process.

Decisions, Implementation, and Insti-
tutions

The Corps is on an aggressive
timetable for completing the feasibility
study.  Although there is a need to
move forward with the study, several
of this first report’s recommendations
that point toward a more thorough and
credible analysis would require addi-
tional time.  The Corps should extend
its schedule for completing the feasi-
bility study and issuing a Chief’s Re-
port.

There are literally hundreds of pro-
spective projects within the UMR-
IWW study aimed toward ecological
enhancements.  Not all of these
projects can be implemented simulta-
neously, because of both financial and
practical limitations.  Priority should be
given to those projects based upon
their promise of restoring natural pro-
cesses, and to those that aim to
achieve multiple objectives.

Ecological restoration projects in
downstream states, which have small-

er federal land holdings than states in
the upper basin, require greater cost-
sharing responsibilities from local spon-
sors.  If prospective restoration projects
do not receive funding, it will alter the
study’s benefit calculations.  The Corps
should, therefore, identify specific in-
stances in which federal cost-sharing
rules are likely to restrict or preclude
implementation of environmental resto-
ration projects and nonstructural mea-
sures.

The committee is chaired by John
Boland, Johns Hopkins University.
Members are: Patrick Brezonik, Univer-
sity of Minnesota; Robert Davis, con-
sultant; Leo Eisel, Brown and Caldwell;
Stephen Fuller, Texas A&M University;
Gerald Galloway, Titan Corporation;
Lester Lave, Carnegie Mellon Universi-
ty (also chaired the Phase I study);
Karin Lamburg, Syracuse University;
Elizabeth Rieke, Lahotan Bay Area Of-
fice, Nevada; Richard Sparks, Universi-
ty of Illinois at Urbana-Champaign; and
Soroosh Sorooshian, University of Cal-
ifornia at Irvine. For more information
on this study, contact Jeffrey Jacobs at
(202) 334-3422 or jjacobs@nas.edu.

study.  The Corps should either accel-
erate the development of a full spatial
price model or adopt an alternative
modeling approach that avoids the lim-
itations of the ESSENCE model.

Demand Forecasts
Five scenarios of future U.S. grain

forecasts were presented to the Corps
in a study conducted by the Sparks
Company of Memphis, TN.  Of these
five scenarios, four of them forecast
substantial increases in future U.S.
grain exports.  The committee reserved
judgment on the plausibility of these
forecasts, discussed these projections
with the Corps’ consultants at its De-
cember 2003 meeting in St. Louis, and
is likely to issue further comments on
them in its future reports.

Managing Waterway Congestion
The current system for managing

UMR-IWW traffic operates primarily on
a first-come, first-serve basis.  But al-
ternative, nonstructural waterway traf-
fic management measures could pro-
vide cost-effective means for reducing
congestion.  Measures such as sched-
uling systems, systems of tradable ar-
rival slots, or a contingent fee—as chal-
lenging as their implementation may
be—could be implemented as alterna-
tives to extending locks, or could be
used in combination with lock exten-
sions.  Furthermore, such traffic man-
agement measures would be needed to
address reductions in capacity that
would occur in the event that lock ex-
tensions were constructed.  The Corps
should proceed as soon as practicable
toward developing and implementing
nonstructural measures to help allevi-
ate waterway traffic congestion.

Integrated Systems Planning
The Upper Mississippi and Illinois

rivers and their floodplains support a
variety of activities other than naviga-
tion, including boating, recreational and
commercial fishing, hunting, camping,
and sightseeing.  The Corps should
thus, to the extent feasible, consider

continued from previous page

Upper Mississippi River-Illinois...

Jeffrey Jacobs is a senior staff officer
with the Water Science and Technol-
ogy Board.
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Anderson Internship Program Continues to Grow
by Dionne Pringle

ship the summer after graduation.  All
Anderson Interns are invited to return
to The Academies during breaks and
holidays as long as they stay in school,
maintain good grades, and remain in-
terested in science, medicine or engi-
neering.

Anderson Interns experience the
range of work at the National Acade-
mies, including research, and data col-
lection, editing reports, constructing
databases, drafting project proposals,
conducting searches for potential com-
mittee members, and attending board
meetings.  For example, LaTeya Foxx
gave a presentation in Irvine, CA on
potassium iodide distribution and ad-
ministration policies for the 50 states
during a closed session of the Commit-
tee to Assess Federal and State Guide-
lines for the Distribution and Adminis-
tration of Potassium Iodide (KI) in the
Event of a Nuclear Incident.  Foxx said
that it “was a wonderful experience to
actively participate in developing some-
thing useful to the committee.  It was
also great to be able to see how the
committee operates and the kind of
things committees take into consider-
ation while formulating their recommen-
dations.  I’m glad to have had this op-
portunity.”  Amina Richardson reflect-
ed that the OSB Annual Board Meeting
in Woods Hole, MA that she attended
this summer “was insightful as to how
presentations are given in a working en-

vironment as opposed to presenta-
tions given in a classroom.”

The potential of interns to work in
different areas sheds some light on fu-
ture plans for the internship program.
Dr. W. Anderson stated that the pro-
gram “will continue to grow.  We will
also bring in a new class each summer
as well as retain the other interns.  Our
expectation is that in future years, we
can move our interns into other divi-
sions within the Academies.”  The in-
terns could not agree more with Dr.
Anderson.  As Christopher Rogers
says, “The Anderson Internship pro-
gram is definitely on its way to becom-
ing one of the preeminent internships
for undergraduates interested in sci-
ence.”  Not only does it let students
be involved, but it provides them with
a significant insight into the working
world of science, engineering, and med-
icine.

Now completing its second year,
the Anderson Internship Program is a
component of the partnership between
the National Academies and Benjamin
Banneker Academic High School, Wash-
ington, DC.  Dr. Warren Muir, Executive
Director of the Division on Earth and
Life Studies (DELS), along with Mrs.
Patricia L. Tucker, principal of Bannek-
er, and Mr. Douglas Tyson, former sci-
ence teacher at Banneker, started the
program to provide unique opportuni-
ties for underrepresented minorities in
science, engineering, and medicine.
Initially, financial support came from the
three presidents of the academies, Dr.
Bruce M. Alberts (NAS), Dr. Wm. A.
Wulf (NAE), and Dr. Harvey V. Fineberg
(IOM).  Starting this year, Jack and
Rose-Marie Anderson generously
agreed to fund the program, now called
the Anderson Internship Program.  It is
coordinated by Dr. William Anderson,
Associate Executive Director of DELS.

Four graduated Banneker students
christened the program in summer 2002.
Three of these–Stella Chukwu (Spelman
College), Christopher Rogers (Haver-
ford College), and LaTeya Foxx (Junia-
ta College) –returned to The Academies
in 2003 to work with the Executive Of-
fice, the Board on Agriculture and Nat-
ural Resources, and the Board on Ra-
dioactive Effects Research, respective-
ly.  Four new interns, Danielle Greene
(Stanford University), Rahel Mengh-
estab (Tufts University),
Dionne Pringle (Claflin
University), and Amina
Richardson (Stanford
University), were as-
signed to the Board on
Life Sciences, the Board
on Chemical Sciences
and Technology, the
Water Science and Tech-
nology Board, and the
Ocean Studies Board, re-
spectively.  The interns
were chosen based on ac-
ademic performance and
a strong interest in sci-
ence.  The students be-
gin their 10-week intern- The Andersons spent time with the 2003 Banneker Interns and NRC staff during a luncheon sponsored by DELS.

Dionne Pringle is a 2003 graduate of
Banneker, and is currently attending
Claflin University, where she intends to
pursue a degree in computer engineering.
Dionne interned with the WSTB.  The
WSTB heartily thanks her for her
contributions last summer, and wishes her
the best of luck at school and all her future
endeavors.
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WSTB to Develop Web-based Information Center for Developing Country Scientists
by William Logan

The WSTB, in collaboration with
the Office of Communications, was re-
cently chosen by the National Acade-
mies to develop a Web-based informa-
tion center dedicated to water-related
issues. The site will be oriented toward
scientists, engineers, policy makers,
and managers in academia, govern-
ment, and non-governmental organiza-
tions in developing countries. Funding
will come from the Academies’ internal
funds.

The site will be anchored by sec-
tions of National Research Council con-
sensus reports carefully selected for the
target audiences.  Supporting this core
offering will be audience-appropriate
material that provides context and iden-
tifies applications for the reports; re-
port abstracts; derivative products; and
possibly some links to other quality-
checked outside sources.  Some com-
ponents of the site might be translated
into other languages. It will be created
by NRC staff with guidance from WSTB
members and other experts.

The idea had its origins in a 2001
address by the president of the Nation-
al Academies, Bruce Alberts, who chal-
lenged WSTB staff and members to
consider strategies for rearranging and
aggregating our reports in ways to in-
crease their value to the developing
world.  Although most of these reports
have been written for U.S. policymak-
ers, they also contain important advice
of broad application internationally. Un-
fortunately, dissemination of our re-
ports in the developing world has been
limited and this great resource has not
been as accessible as it potentially
could be.  The site will serve as a com-
plement to the Academies’ recent ini-
tiative of making pdf versions of its re-
ports available at no cost to people in
developing countries (see box ). It is
intended to serve as an Academies-wide
prototype that could be adapted to oth-
er topics, such as public health, medi-
cine, or agriculture.

We are quite enthusiastic concern-
ing the value and potential of this new
dissemination portal, opening our pro-
gram to developing world profession-

als concerned with water and sanita-
tion issues.  WSTB members and staff
have much relevant expertise in water,
sanitation, water quality, and public
health and a high level of experience
and interest in developing world appli-
cations.  The WSTB has a subset of
members who regularly consider needs
and prospects for engagement of the
board in international activities.  In ad-
dition to this initial communications

Free WSTB Reports for Developing Country Scientists

Until recently, National Research Council reports had to be either
purchased or downloaded one page at a time regardless of where in
the world one lived.  Between the cost of the report and the uncertain
nature of international shipping, few reports found their way to develop-
ing countries.  This limitation has now been remedied, and pdf (Adobe
Acrobat) versions of most of our reports can now be downloaded from
our website by interested parties in most developing countries.

The instructions are simple: From the WSTB web site (http://
www.nationalacademies.org/wstb/), click on the “Publications” button
in the left-hand column. Click on the title you want, and then click on
“Read it Online - FREE!” On the next screen, people in eligible develop-
ing countries (see listing below) should see an offer for free pdf down-
loading under “purchase options.” (People accessing the site from
developed countries will instead see an offer to purchase the pdf ver-
sion.) After filling out a very brief questionnaire, one can download the
report from the next page that appears.

Please help us to publicize this service through your professional
contacts in developing countries. As of October 2003, countries eligible
for free NRC reports were as follows:

Afghanistan, Albania, Algeria, Angola, Antigua and Barbuda, Argentina,
Armenia, Azerbaijan, Bangladesh, Barbados, Belarus, Belize, Benin,
Bhutan, Bolivia, Bosnia and Herzegovina, Botswana, Brazil, Bulgaria,
Burkina Faso, Burundi, Cambodia, Cameroon, Cape Verde, Central
African Republic, Chad, Chile, China, Colombia, Comoros, Costa Rica,
Cuba, Djibouti, Dominica, Dominican Republic, Ecuador, El Salvador,
Equatorial Guinea, Eritrea, Ethiopia, Federated States of Micronesia,
Fiji, French Guiana, Gabon, Gambia, Georgia, Ghana, Grenada, Guade-
loupe, Guatemala, Guinea, Guinea-Bissau, Guyana, Haiti, Honduras,
Hungary , India, Indonesia, Iraq, Jamaica, Jordan, Kazakhstan, Kenya,
Kiribati, Kitts And Nevis, Kyrgyzstan, Latvia, Lebanon, Lesotho, Liberia,
Lithuania, Madagascar, Malawi, Maldives, Mali, Marshall Islands, Mar-
tinique, Mauritania, Mauritius, Mexico, Mongolia, Morocco, Mozambique,
Namibia, Nepal, Nicaragua, Niger, Nigeria, Pakistan, Palau , Panama,
Papua New Guinea, Paraguay, Peru, Philippines, Romania, Rwanda,
Saint Lucia, Saint Vincent and The Grenadines, Samoa, Senegal, Sey-
chelles, Sierra Leone, South Africa, Solomon Islands, Somalia, Sri Lan-
ka, Sudan, Suriname, Swaziland, Tajikistan, Thailand, Togo, Tonga,
Trinidad and Tobago, Tunisia, Turkmenistan, Uganda, Ukraine, Uru-
guay, Uzbekistan, Vanuatu, Venezuela, Vietnam, West Bank and Gaza
Strip, Yemen, Zambia, and Zimbabwe.

effort, the WSTB is in discussion con-
cerning two, more traditional study ac-
tivities designed to lead to improved
water and sanitation services (and thus
public health as well) for developing na-
tions, African in particular.  Look to fu-
ture issues of this newsletter or the
WSTB website (http://national
academies.org/wstb) for reports of
progress in this area.
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Assessing and Valuing the Services of
Aquatic and Related Terrestrial
Ecosystems

The Committee on Assessing the
Services and Values of Aquatic and Re-
lated Terrestrial Ecosystems was formed
in early 2002 to identify and assess ex-
isting methods for defining and assign-
ing economic values to services of
aquatic and related terrestrial ecosys-
tems.  The study is reviewing the er-
rors and biases characteristic of such
methods and providing guidance to the
use of such methods to improve envi-
ronmental decision making.

The committee held its final meet-
ing in August 27, 2003, in Washington,
DC.  The study is jointly sponsored by
the U.S. Environmental Protection
Agency, the U.S. Corps of Engineers,
and the U.S. Department of Agriculture.
The committee’s report will be in review
in January 2004 and be released in pre-
publication by Spring 2004. Geoffrey
Heal of Columbia University chairs the
committee. For more information, con-
tact Mark Gibson at (202) 334-3422 or
mgibson@nas.edu.

Assessment of the National Weather
Service Advanced Hydrologic Predic-
tion Service (AHPS) Initiative

Floods and droughts cause enor-
mous damage to the nation’s economy
through loss of property and lives.
Property damage from the 1993 Missis-
sippi River floods is estimated at $12
billion.  One hundred lives are lost each
year due to river flooding.  Droughts
cause large amounts of crop damage in
rural America, leading to bankruptcy
and dislocation of families.  Clearly, hy-
drologic forecasting is critical to public
safety and economic planning consid-
erations.

The Office of Hydrology of the
NWS operates 13 river forecast centers
in the United States to produce both
short- and long-term river flow/stage
forecasts at about 4,000 locations.    The
country’s population has grown tremen-
dously since these centers were estab-
lished several decades ago.  Urbaniza-
tion, industrial growth, the increased
habitation of flood-prone regions, pos-

sible increased severity of weather re-
sulting from climate change, advanced
technologies, applied research, and
more sophisticated customers present
both challenges and opportunities.  In
light of these changes, the NWS reas-
sessed its hydrologic services and de-
termined that enhancements are neces-
sary to best provide reliable hydrolog-
ic information for decisions to protect
life and property.  The Advanced Hy-
drologic Prediction Service (AHPS) ini-
tiative grew out of this assessment.

The WSTB is just beginning a 14-
month study to review AHPS.  The
study will assess the full scope of the
program, aimed at improving the na-
tion’s river forecasts, in respect to hy-
drologic science and technology re-
search, river routing and mechanics,
“systems” engineering aspects, and
end-user application and implementa-
tion.  A panel of 11 people has been
approved as the committee to review
the AHPS program.  It is chaired by
Soroosh Sorooshian (NAE), Universi-
ty of California Irvine.  Other members
include Dara Entekhabi, MIT; Efi Fou-
foula-Georgiou, University of Minne-
sota and WSTB Board Member; Bur-
rell Montz, SUNY Binghampton; Rich-
ard Anthes, NCAR; William Hooke,
American Meteorological Society; Ri-
chard Palmer, University of Washing-
ton; Glenn Moglen, University of Mary-
land; George Leavesley, USGS Denver;
Liming Xu, FM Global Research; and
Doug Plasencia, AMEC Earth and En-
vironmental.  For additional information,
please contact Lauren Alexander at
(202)334-3422 or lealexander@
nas.edu.

Assessment of U.S. Army Corps of En-
gineers’ Economics and Environmental
Analysis and Peer Review for Water Re-
sources Project Planning

This activity is reviewing the Corps
of Engineers’ planning procedures and
methods of analysis and is nearing com-
pletion.  Referred to as “the 216 stud-
ies” (after Section 216 of the Water Re-
sources Development Act of 2000 that
mandated them), the panels in this mul-
tiple-panel activity have completed
their meetings and have either issued
reports or are responding to comments

from external reviewers.   This activity
is overseen by the WSTB, which has
worked in cooperation with the NRC’s
Ocean Studies Board and with input
from the Board on Environmental Stud-
ies and Toxicology and the Transpor-
tation Research Board.  The activity
includes a coordinating committee and
four study panels that are evaluating
the topics of peer review, methods of
analysis for project planning, river ba-
sins/coastal systems planning, and
adaptive management.  The peer review
panel issued its report in July 2002.
Reports from the other four commit-
tees/panels are currently in review and
are scheduled to be published in early
2004.

The coordinating committee is
tracking progress of the study panels,
ensuring consistency among them, and
is producing a synthesis document of
findings of the study panels and writ-
ing a report with its own findings and
conclusions.  Members of the coordi-
nating committee include chairs of the
four study panels, plus several other
water resources management experts.
The methods of analysis for project
planning panel is reviewing the Corps’
methods for project planning, which are
embodied primarily in the federal “Prin-
ciples and Guidelines” and the Corps’
own Planning Guidance Notebook.
The river basins and coastal systems
panel is reviewing the Corps’ methods
and approaches for planning and co-
ordinating water projects across water-
shed and river basin systems.  Finally,
the adaptive management panel is re-
viewing the Corps’ efforts and future
prospects in implementing the adaptive
management paradigm in managing its
water resources projects.  For more in-
formation on this activity, contact Jef-
frey Jacobs at (202) 334-3422 or
jjacobs@nas.edu.

Assessment of Water Resources
Research

In 2002, Congress mandated that
the NRC conduct a study to determine
the federal investment in water resourc-
es research, partly as a follow-up ac-
tivity to the WSTB’s report Envision-
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ing the Agenda for Water Resources Re-
search in the Twenty-First Century.
The resulting committee of 13 experts
has been meeting since September
2002.  In order to determine the ade-
quacy of the nation’s investment in
water resources research, the commit-
tee has been collecting and analyzing
budget information supplied by over 30
federal agency and non-federal organi-
zation liaisons.  The committee held its
final meeting December 15-16, 2003 in
Washington, DC.  The report is expect-
ed to go into review in late winter 2004,
with a prepublication version of the re-
port available in spring 2004.  Henry Vaux
of the University of California at Berke-
ley is serving as committee chair.  The
study is sponsored by the U.S. Geo-
logical Survey.  For more information,
contact Laura Ehlers at (202)334-3422
or lehlers@nas.edu.

Endangered and Threatened Species in
the Platte River Basin

The WSTB is supporting the
Board on Environmental Studies and
Toxicology on a study of four endan-
gered and threatened species of the
Platte River Basin.  The committee as-
sembled is charged by the sponsors,
Bureau of Reclamation and Fish and
Wildlife Service (FWS), to review the
government’s assessments of how cur-
rent Platte River operations and result-
ing hydrogeomorphological and eco-
logical habitat conditions affect the like-
lihood of survival and/or limit the re-
covery of four endangered species: the
interior least tern, Northern Great Plains
breeding population of the piping plo-
ver, the whooping crane, and the pallid
sturgeon.  The committee will also con-
sider (1) whether other Platte River hab-
itats do or can provide the same values
that are essential to the survival and/or
recovery of these species and (2) sci-
entific foundations for the current fed-
eral designation of the Central Platte
habitat as “critical habitat” for the
whooping crane and Northern Great
Plains breeding population of the pip-
ing plover.  The study will further ex-
amine the scientific aspects of (1) the

processes and methods used by the
FWS in developing its Central Platte
River instream flow recommendations;
(2) characteristics described in the
FWS habitat suitability guidelines for
the Central Platte River; and (3) the De-
partment of the Interior’s conclusions
about the interrelationships among
sediment movement, hydrologic flow,
vegetation, and channel morphology
in the Central Platte River.

The committee held all three of its
meetings in 2003-–the first in May in
Kearney, NE; the second in August in
Grand Island, NE, and the third in Boul-
der, CO in October.  The committee’s
report is currently in review and
should be released to the public in ear-
ly Spring 2004.  The committee is
chaired by William Graf of the Univer-
sity of South Carolina.  For more infor-
mation, please contact Lauren Alex-
ander at (202)334-3422 or lealex-
ander@ nas.edu.

Indicators for Waterborne Pathogens
Acknowledging recent advances

in microbiology and molecular biolo-
gy and in response to recently pro-
posed rules and legislation concern-
ing microbial contamination of water
(e.g., the Long-Term 2 Enhanced Sur-
face Water Treatment Rule), EPA’s Of-
fice of Water contacted the NRC’s
Board on Life Sciences and WSTB in
late 2001 to undertake a study of indi-
cators of microbial pathogen contami-
nation in source waters (including
groundwater) for drinking water and
U.S. recreational waters (including
coastal marine water and marine/estu-
arine water).  The committee is near
completion of its report, which would
recommend candidate indicators and/
or indicator approaches for waterborne
pathogens that are deemed scientifi-
cally defensible and practical to moni-
tor and the change that might happen
with future technological develop-
ments.  As part of this effort, the com-
mittee also reviewed and provided per-
spective on the current and future im-
portance and public health impact of
waterborne pathogens both in terms
of drinking water and recreational con-
tact activities.  Since its appointment
in early 2002, the committee has met a

total of four times.  The committee’s re-
port entered review in November 2003
and a final report is anticipated to be re-
leased in prepublication in February
2004.

The committee is chaired by Mary
Jane Osborn (NAS), University of Con-
necticut, and vice-chaired by R. Rhodes
Trussell (NAE), Trussell Technologies,
Inc.  For further information, contact
Mark Gibson at (202) 334-3422 or
mgibson@nas.edu.

Instream Flows for Texas
The Texas Water Development

Board, in conjunction with the Texas
Parks and Wildlife Department and the
Texas Commission on Environmental
Quality, recently asked the WSTB to crit-
ically evaluate the scientific methods, ma-
terials, and related technical aspects of
proposed studies to determine the phys-
ical, chemical, and biological needs for
instream flows within selected priority
watersheds in the state of Texas.  The
Texas Legislature enacted a bill that es-
tablished an Instream Flow Program for
Texas that aims to determine flow condi-
tions necessary to support a sound eco-
logical environment in selected rivers.
The Texas Programmatic Work Plan iden-
tifies priority studies, general methodol-
ogies for those studies, and agency roles
and responsibilities, and the three state
agency sponsors have prepared addi-
tional, detailed, technical descriptions of
the methods and materials that are pro-
posed for use in the studies.

A new committee is charged to eval-
uate the Programmatic Workplan and its
technical volume and review the scien-
tific and engineering methods proposed
by the three State agencies.  Consider-
ations for establishing instream flows
include hydrology, biology, geomorphol-
ogy, and water quality.  Additionally, the
study will consider and comment on le-
gal and policy factors related to the in-
stream flow program in Texas.

Gail Mallard of USGS chairs the com-
mittee. The other members are Kenneth
Dickson, University of North Texas; Th-
omas Hardy, Utah State University; Clark
Hubbs, University of Texas at Austin;
David Maidment, University of Texas at
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Austin; James Martin, University of
Colorado School of Law; Patrick Mc-
Dowell, University of Oregon; Brian
Richter, The Nature Conservancy; Gre-
gory Wilkerson, University of Wyo-
ming; Kirk Winemiller, Texas A&M Uni-
versity; and David Woolhiser, consult-
ant.  The committee held its first meet-
ing in Austin in October 2003 with an
attendance of more than 100 people dur-
ing the open session.   The next com-
mittee meetings will be in January and
March of 2004 in Texas.  A published
report is expected in the fall of 2004.
For other information, please contact
Lauren Alexander at (202)334-3422 or
lealexander@nas.edu.

Restoration of the Greater Everglades
Ecosystem

The Everglades was once a free-
flowing “river of grass” extending from
the Kissimmee lakes to Florida Bay.
However, more than half the Everglades
wetlands have been lost to
development.  The NRC’s Committee on
Restoration of the Greater Everglades
Ecosystem (CROGEE) was formed in
1999 to provide scientific guidance to
agencies charged with restoration and
preservation of the Everglades. In 2003,
the committee published two reports:
Adaptive Monitoring and Assessment
for the Comprehensive Everglades
Restoration Plan and Does Water Flow
Influence Everglades Landscape
Patterns?  Earlier studies by CROGEE
and a related panel resulted in reports
on aquifer storage and recovery, Florida
Bay restoration issues, and the Interior
Department’s Critical Ecosystem
Studies Initiative.

The committee is currently
working on a report to be completed
this summer on issues surrounding
storage of water in the Comprehensive
Everglades Restoration Plan (CERP),
including aboveground storage
reservoirs in the northern Everglades,
inground storage in limestone quarries,
and aquifer storage and recovery.  This
is expected to be the last report for the
CROGEE, which has existed for over
four years.

The WSTB is currently preparing
to organize a new “Independent
Scientific Review Panel” (ISRP) for the
Everglades.  This Congressionally
mandated activity will provide a biennial
assessment of progress in restoring the
ecosystem, including significant
accomplishments and challenges to be
met in the plan’s implementation. The
NRC and Interior Department managers
are also in discussions concerning
prospects for another review of the
DOI’s science activities.

Funding for the committee’s work
is provided by the DOI and the U.S.
Army Corps of Engineers. For more
information, contact study director
Stephen Parker at (202) 334-3422 or
sdparker@nas.edu.

Source Removal of Contaminants in the
Subsurface

Since August 2002, the WSTB has
conducted a study on the effectiveness
of source remediation for cleaning up
contaminated groundwater and soil at
hazardous waste sites.  Certain aggres-
sive technologies, including in situ
chemical oxidation, thermal treatment,
and surfactant flushing, are increasing-
ly popular as a way to achieve partial or
complete reduction of contaminant mass
at sites across the country.  Little is
known about the overall impact of such
efforts on groundwater quality and other
parameters.  The study is focusing on
recalcitrant organic compounds, includ-
ing dense non-aqueous phase liquids
and chemical explosives.

At its fourth meeting held in Irvine,
CA, the committee heard presentations
on the water quality benefits of mass
removal from Suresh Rao, Purdue Uni-
versity; Tissa Illangasekare, Colorado
School of Mines; Lawrence Lemke, Uni-
versity of Michigan; and from commit-
tee members Tom Sale of Colorado State
University and Gary Pope of the Uni-
versity of Texas.  The committee was
also updated on a soon to be published
report from an expert panel convened
by EPA to study source remediation.
The fifth meeting of the committee, No-
vember 17–19, in Washington, DC, was
held entirely in closed session.  The
committee’s final meeting is scheduled

for February 23–24, 2004, in Sedona,
AZ.  John Fountain of North Carolina
State University is serving as commit-
tee chair.  The study is sponsored by
the Army Environmental Center.  For
more information, contact Laura Ehlers
at (202)334-3422 or lehlers@nas.edu.

U.S. Geological Survey Water Resourc-
es Research

The Committee on U.S. Geological
Survey Water Resources Research was
formed in 1985 to advise the USGS on
its programs in the Water Resources Di-
vision.  Previous reports of the com-
mittee included topics such as water-
shed research, hydrologic hazards, the
stream-gaging network, groundwater
research, and water use.  The commit-
tee’s overview of the National Stream-
flow Information Program (NSIP) is in
review.   NSIP consists of a core of
streamgages funded and operated by
either the USGS or other agencies that
provide data that meet national needs.
The committee is evaluating the appro-
priateness of the NSIP-selected mini-
mum national streamflow information
needs and design characteristics of the
network, and the components of the
NSIP plan.

A new study to advise the USGS
on its programs in “river science” will
be underway by March 2004 if ap-
proved. River science refers to interac-
tions among streamflow, channel char-
acteristics, water quality, riparian and
aquatic ecological systems, and sedi-
ment erosion and deposition.  It also
considers how natural processes and
human activities in the watershed and
along the river corridor affect the char-
acteristics of the river, its water and ri-
parian zone, and the services (includ-
ing ecosystem services) that it pro-
vides.   Funding for the committee’s
work is provided by the USGS Water
Resources Division.  Donald Siegel of
Syracuse University chairs the commit-
tee.  For more information, contact
study director Will Logan at (202) 334-
3422 or wlogan@nas.edu.

continues next page
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Assessment of the Science and
Practice of Stream Restoration

Nationwide, there are thousands of
streams and rivers degraded by human
disturbance or modification.  Both the
public and private sectors consider re-
storing these waterbodies as critical to
maintaining and improving water qual-
ity, sustaining fish and wildlife species,
protecting wetlands, and reducing im-
pacts of flood events.  To consider this
important topic, the WSTB hosted a
workshop on Stream Restoration on
August 14-15, 2003 at the St. Antho-
ny’s Falls Laboratory, University of
Minnesota, Minneapolis.  It was co-
sponsored by the National Center for
Earth-Surface Dynamics.

The workshop covered four main
themes: the multidisciplinary and mul-
tiobjective nature of stream restoration,
the effectiveness of current restoration
practices, the science requirements to
support advances in restoration prac-
tice, and institutional issues surround-
ing stream restoration.  It has led to a
draft proposal for a larger NRC study
on stream restoration.   This is being

circulated to various governmental and
non-governmental institutions for com-
ment.  For information, contact William
Logan at (202) 334-3422 or wlogan@
nas.edu.

Disinfection Issues and Alternatives
Disinfection of water has been a

cornerstone of public health protection
for over 100 years.  It is accomplished
by the use of chemicals (most common-
ly chlorine) or by ultraviolet radiation,
and it is important in industry, health-
care, home hygiene, drinking water, and
wastewater applications.  There are
mounting concerns regarding the use
of disinfectants because of the poten-
tial for the creation of harmful disinfec-
tion byproducts and other environmen-
tal impacts.  Thus, there is a growing,
widespread need for better understand-
ing of the efficacy, benefits, and envi-
ronmental costs of disinfectants and
for an exploration of alternative disin-
fectants.  This need is equally vital for
industry and government.

The WSTB is making plans to as-
sess current scientific understanding of
water and wastewater disinfection pro-
cesses and their alternatives.  For a suite

of chemical and physical disinfec-
tants—including chlorine, ozone, and
UV irradiation—the study will summa-
rize the current state of knowledge re-
garding primary disinfection, including
emerging pathogens and disinfectants,
the mechanisms of microbial inactiva-
tion via disinfection, and microbial re-
sistance to disinfectants vs. microbial
tolerance.  It will evaluate methods used
to quantify disinfection efficacy and
outcome, and it will draw parallels with
methods of efficacy testing used in oth-
er fields.  Finally, the study will summa-
rize the gaps in the science and prac-
tice of disinfection that limit understand-
ing of this process.

Funding and precise focus for this
study are still in discussion.  For fur-
ther information, contact Laura Ehlers
at (202) 334-3422 or lehlers@nas.edu.

Great Lakes/St. Lawrence Seaway
Studies

The Great Lakes Protection Fund
approached the NRC to elicit a wide
range of transportation options and
concepts for the Great Lakes region that
would (1) promote international com-

continues on page 14

Water Quality Improvement in
Pittsburgh Region

The Committee on Water Quality
Improvement for the Pittsburgh Region
was formed in early 2002 to undertake a
study of the wastewater and water qual-
ity problems of the Pittsburgh, PA area
and make recommendations on how the
region’s needs and issues can be best
addressed on a cooperative basis by
multiple jurisdictions.  The study in-
tends to provide guidance to both pub-
lic and private organizations of the
Pittsburgh region in developing public
awareness of the issues and collabora-
tive strategies for water quality improve-
ment and management.  The study spon-
sor is the Allegheny Conference on
Community Development.

The committee met on October 2-
3, 2003 in Mars, PA.  The final commit-
tee meeting is scheduled for February
5-6, 2004 in Washington, D.C.  The com-
mittee’s report is anticipated to enter

review in early Spring 2004 and be re-
leased in late Spring 2004.  The commit-
tee is chaired by Jerome Gilbert (NAE),
J. Gilbert, Inc. of Orinda, CA.  For more
information, contact Mark Gibson at
(202) 334-3422 or mgibson@nas.edu.

Water Resources Management,
Instream Flows, and Salmon Survival
on the Columbia River, Washington

The WSTB, in cooperation with
the NRC’s Board on Environmental
Studies and Toxicology, has assembled
a committee that is reviewing relations
between instream flows, water with-
drawals, and impacts on salmon surviv-
al in the Columbia River in the State of
Washington.  The study was initiated
in response to a request from the Wash-
ington State Department of Ecology.
The Department of Ecology issues wa-
ter withdrawal permits and water rights
on the Columbia River within the State
of Washington.  Decisions regarding
dozens of permit applications from the

Columbia mainstem are currently pend-
ing.  The Department of Ecology must
balance its water permitting decisions
with environmental protection respon-
sibilities.  This study will comment on
the implications of a range of withdraw-
als for the survival of salmon and will
evaluate a range of specific water man-
agement scenarios provided by the De-
partment of Ecology.  The committee’s
fourth and final meeting was held in
Washington, D.C. on November 3-4 and
the draft report is currently in external
review.

The committee is chaired by Ernest
Smerdon, University of Arizona (emeri-
tus).  For additional information on this
committee, contact study director Jef-
frey Jacobs at (202) 334-3422 or
jjacobs@nas.edu.
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merce and (2) eliminate the introduc-
tion of additional non-indigenous spe-
cies and pathogens into the Great Lakes
due to ocean-going vessels transiting
the St. Lawrence Seaway.  The Trans-
portation Research Board (TRB) and the
WSTB together generated a proposal
that has been submitted to the Great
Lakes Protection Fund, and the propos-
al was accepted by the Great Lakes Pro-
tection Fund Board of Directors in ear-
ly December 2003.  A contract was re-
cently executed.  The WSTB will sup-
port the TRB in conducting this two-
phase study which has as its proposed
centerpiece a competition to identify
transportation designs and concepts
that prevent further introductions of
non-indigenous aquatic species by ves-
sels using the St. Lawrence Seaway.

In Phase I, a multi-disciplinary com-
mittee will develop criteria for the com-
petition, design a conference at which
the designs and concepts will be pre-
sented and discussed, and assemble
statistics on the Great Lakes region’s
economy, trade, and transportation.  In
Phase II, the competition will be held at
a major regional conference and the
Phase II committee will award prizes
and identify a list of promising trans-
portation options.  The final report will
highlight these options, and will also
provide background on the history of
non-indigenous species introduced
into the Great Lakes via the St. Lawrence
Seaway and their ecological and eco-
nomic consequences.

After the contract has been estab-
lished, TRB and WSTB will constitute
a committee, from within and outside
the Great Lakes Basin, that will repre-
sent a blend of necessary disciplines
(biology, engineering, economics, plan-
ning) and perspectives (academia, gov-
ernment, industry, non-governmental
organizations).  For other information
or to nominate committee members,
please contact Lauren Alexander at
(202)334-3422 or lealexander
@nas.edu.

State Water Quality Monitoring
Program in Support of Water Quality
Management

The WSTB is preparing to begin a
study that will assess the adequacy of
current state water quality monitoring
efforts, at the request of the EPA Office
of Wetlands, Oceans, and Watersheds.
WSTB has submitted a formal proposal
to EPA and is awaiting establishment of
a contract.  The proposed study will eval-
uate the effectiveness of current state
programs for monitoring the health of
the nation’s waters and make sugges-
tions for improvement, with an empha-
sis on better linking the water quality
standard setting process and monitor-
ing network design.  Several issues will
be considered, including water body
segmentation, innovative or alternative
means for setting water quality stan-
dards, appropriate monitoring approach-
es and monitoring network design, sta-
tistical approaches for making attainment
determinations, and the relationship be-
tween state water quality monitoring ef-
forts and other potentially complemen-
tary activities.  The resulting report
should help improve and advance the
water quality monitoring efforts of EPA,
states, and other entities.

Once a contract with EPA has been
established, WSTB will be forming a
committee of approximately 13 with ex-
pertise in the areas of aquatic chemistry,
watershed and water resources manage-
ment, aquatic and estuarine ecology,
hydrology, statistics, and water quality
monitoring (including emerging technol-
ogies).  For further information, or to
nominate committee members, contact
Laura Ehlers at (202)334-3422 or
lehlers@nas.edu.

Sustainable Underground Storage of
Recoverable Water

The WSTB hosted a workshop on
Sustainable Underground Storage of
Recoverable Water on April 23, 2003 at
the National Academies, Washington,
DC.  It was co-hosted by the AWWA
Research Foundation (AwwaRF).  It ex-
amined an increasingly important strat-
egy for water management, namely tem-
porary detention and underground stor-
age of surface water during times of ex-

cess for release during times of need.
It identified the need for a methodolo-
gy or systems approach to evaluate the
potential viability of aquifer storage at
a given site, and for evaluation of the
national regulatory framework for un-
derground storage of water.  It also iden-
tified some key research gaps for a fu-
ture NRC study, including human health
risks from microbes, endocrine disrup-
tors, and other chemicals; monitoring
issues such as what to monitor, how
often to monitor, and whether there are
chemical markers or surrogates that
could be used in some cases; and mod-
eling approaches that might be useful
under variable and complex hydraulic
and chemical conditions.

Grant proposals have been submit-
ted to a wide range of foundations and
federal agencies to fund an ad hoc
study on the topic.  For further infor-
mation, contact William Logan at (202)
334-3422 or wlogan@ nas.edu.

Water 2025: WSTB as Advisor
For several months, the U.S. De-

partment of the Interior has been mak-
ing plans for a new initiative known as
Water 2025.  The effort is intended to
focus attention on the reality that ex-
plosive population growth in western
urban areas, the emerging need for wa-
ter for environmental and recreational
uses, and the national importance of
the domestic production of food and
fiber from western farms and ranches
may drive major conflicts between
these competing uses of water.  In some
areas of the West, existing water sup-
plies are, or will be, inadequate to meet
the demands for water for people, cit-
ies, farms, and the environment even
under normal water supply conditions.

Water 2025 will seek to provide the
basis for a public discussion in advance
of water crises and set forth a frame-
work to focus on meeting water supply
challenges in the future.  To this end,
Water 2025 will feature: conservation,
efficiency, and markets; collaboration;
improved technology; and removal of
institutional barriers and increase inter-
agency cooperation.

continued from page 13
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Groundwater Fluxes at Interfaces
(2004)
This report is a documentation of a work-
shop conducted by the Committee on Hy-
drologic Sciences to discuss issues relating
to recharge and discharge  of groundwater.
The report is currently available in
prepublication and will soon be released in
a published format (http://www.nap.edu).

Review of the U.S. Army Corps of Engi-
neers Restructured Draft Feasibility
Study for the Upper Mississippi River-
Illinois Waterway Restructured Feasi-
bility Study: Interim Report (2004)
This report is a followup to a 2001 NRC
study, Inland Navigation System Planning.
It reviews the Restructured Feasibility
Study on the Upper Mississippi River-Il-
linois Waterway Systems Plan.  Available
from the WSTB at (202)334-3422.  Read-
only copy available at http://www.nap.edu.

WSTB REPORTS A Review of the EPA Security Research
and Technical Support Action Plan
(2003)
This report soon to be released in final pub-
lished format reviews Water Security Re-
search and Action Plan of the EPA, the lead
agency responsible for the security of the
national water supply.   Available for $25.88
(see order form).

Adaptive Monitoring and Assessment for
Comprehensive Everglades Restoration
Plan (2003)
This report discusses methods in identify-
ing performance measures and system level
conditions for the Greater Everglades Res-
toration Monitoring and Assessment Plan.
Available for $18.00 (see order form)

Does Water Flow Influence Everglades
Landscape Patterns? (2003)
This report evaluates the Science Coordina-
tion Team White Paper on flow velocity in
the Everglades ridge and slough landscape
with respect to environmental significance,
creation, maintenance, degradation, research
needs, and performance measures. Available
for $14.40 (see order form)

Environmental Cleanup at Navy Facili-
ties: Adaptive Site Management (2003)
This report looks at developing a
decisionmaking framework to site clean up
that is embodied within a “system engineer-
ing approach,” which would allow for re-
consideration of remedies over time.  It is a
followup to 1999 NRC report Environmen-
tal Cleanup at Navy Facilities: Risk-Based
Methods.  Available at $37.00 prepublication
(see order form).

Aquifer Storage and Recovery in the
Comprehensive Everglades Restoration
Plan: A Review of the ASR Regional
Study Project Management Plan of the
Comprehensive Everglades Restoration
Plan (2002)
This report reviews the project manage-
ment plan for the aquifer storage and re-
covery regional study on adequacy of the
proposed scientific methods to address key
issues raised by the Committee on Resto-
ration of the Everglades Ecosystem and the
ASR Issue Team of the South Florida Eco-
system Restoration Task Force Working
Group.    Available for $18.00 (see order
form).

Review Procedures for Water Resources
Planning (2002)
This report is the first of a series from a
larger study assessing the U.S. Army Corps
of Engineers’ methods of analysis and re-
view procedures for its water resources
project planning.  It recommends ways to
improve review procedures for Corps plan-
ning studies.   Available for $12.00 (see or-
der form).

Florida Bay Research Programs and
Their Relation to the Comprehensive
Everglades Restoration Plan (2002)
This report evaluates Florida Bay studies
and restoration activities that affect the suc-
cess of the Comprehensive Everglades Res-
toration Plan.  Available for $18.00 (see
order form).

Review of the Florida Keys Carrying
Capacity Study (2002)
This report assesses and makes recommen-
dations on scientific methods, principles,
and data that form the independent and
critical reviews of the “Florida Keys Car-
rying Capacity Study: Test Carrying Ca-
pacity Analysis Model. First Draft.”  Avail-
able for $38.25 (see order 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, Keck 607, 2101 Constitution Avenue.,
N.W., Washington, D.C. 20418, 202-334-3422.  If you wish to receive the newsletter
via email, send a request to edguzman@nas.edu.

Editor: William Logan
Associate editor: Ellen de Guzman

The DOI-led effort plans to:
•  facilitate a more forward-looking

focus on water-starved areas of the
country;

•  help to stretch or increase water
supplies to satisfy the demands of
growing populations, protect environ-
mental needs, and strengthen region-
al, tribal, and local economies;

•  provide added environmental ben-
efits to many watersheds, rivers, and
streams;

•  minimize water crises in critical wa-
tersheds by improving the environ-
ment and addressing the effects of
drought on important economies; and

•  provide a balanced, practical ap-
proach to water management for the
next century.

The WSTB is expecting to play a
significant advisory role as Water 2025
takes shape.  Specifics are in discus-
sion.  For more information, contact
WSTB director Stephen D.  Parker at
(202) 334-3422 or sdparker@nas.edu.
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Compensating for Wetland Losses Un-
der the Clean Water Act (2002)
This report evaluates mitigation practice
as a way to restore and maintain quality of
the nation’s waters, particularly under the
Clean Water Act. Available for $49.95 (see
order form).

Bioavailability of Contaminants in
Soils and Sediments (2002)
This report assesses the current scientific
understanding of processes that affect
whether chemical contaminants present in
soils and sediments at contaminated sites
are bioavailable to humans, animals, and
plants.  Available for $68.50 (see order
form).

Privatization of Water Services in the
United States:  An Assessment of Issues
and Experiences (2002)
This report identifies and explains the dif-
ferent issues and factors that drive mu-
nicipalities to consider privatization as an
option for providing and managing water
services.  Available for $39.95 (see order
form).

Opportunities to Improve the U.S.
Geological Survey National Water
Quality Assessment Program (2002)
This report reviews the U.S. Geological
Survey’s National Water Quality Assess-
ment Program and makes recommendations
as the program enters into its second de-
cade.  Available for $34.00 (see order form).

Predictability and Limits-to-Prediction
in Hydrologic Systems (2002)
This is a report of a workshop on Predict-
ability and Limit-to-Prediction in Hydro-
logic Systems. The report discusses re-
search milestones in this field.  Available
from the WSTB at (202)334-3422.

Estimating Water Use in the United
States: A New Paradigm for the National
Water-Use Information Program (2002)
This report reviews the USGS National
Water-Use Information Program (NWUIP)
and makes recommendations  and identi-
fies opportunities.  Available  from the
WSTB at (202)334-3422.

Review of the USGCRP Plan for a New
Scientific Initiative on the Global Wa-
ter Cycle (2002)
The report reviews and provides comments
on the USGCRP report A Plan for a New
Scientific Initiative on the Global Water

continued from page 15

WSTB Reports

For a complete listing of
WSTB reports, visit

http://nationalacademies.org/wstb.

Cycle.  Available from the WSTB at (202)334-
3422.

Missouri River Ecosystem: Exploring the
Prospects for Recovery (2002)
The report reviews the Missouri River
ecosystem’s status and trends, science pro-
grams and status of scientific knowledge,
and organizational choices for supporting
ecosystem monitoring programs and for
implementing adaptive management.
Prepublication copies of the report is avail-
able from the WSTB at (202)334-3422.

Riparian Areas: Functions and Strategies
for Management (2002)
The report discusses the characteristics, func-
tioning, and services of riparian areas and
makes recommendations on protecting and
managing them. Available for $52.00 (see
order form).

Assessing the TMDL Approach to Water
Quality Management (2001)
This report reviews the scientific bases un-
derlying the development and implementa-
tion of the Total Maximum Daily Load
progam for water pollution reduction.  Avail-
able for $28.25 (see order form).

Classifying Drinking Water
Contaminants for Regulatory
Consideration (2001)
This report presents new conceptual ap-
proach to the generation of future Candidate
Contaminant Lists and explores the feasibil-
ity of developing and using mechanisms for
identifying emerging microbial pathogens for
research and regulatory activities.  Available
for $42.00 (see order form).

Envisioning the Agenda for Water Re-
sources Research in the Twenty-first
Century (2001)
This report discusses the future of the
nation’s water resources and appropriate
research needed to promote sustainable man-
agement of those resources.  Available from
the WSTB at (202)334-3422.

Inland Navigation System Planning: The
Upper Mississippi River-Illinois Water-
way (2001)
This report reviews the Corps’ draft  feasi-
bility study that gauges the economic viabil-
ity of extending several locks on the Upper
Mississippi River-Illinois Waterway.  Avail-
able 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 recommenda-
tions for studies of regional impacts, water
quality, and system performance.  Available
from the WSTB at (202)334-3422.

Investigating Groundwater Systems on
Regional and National Scales (2000)
This report makes recommendations concern-
ing the USGS Ground-Water Resources Pro-
gram, which is designed to do regional
groundwater assessment and science.  Avail-
able for $29.00 (see order form).

Clean Coastal Waters: Understanding
and Reducing the Effects of Nutrient
Pollution (2000)
This report assesses how coastal and water-
shed processes affect nutrient overenrichment
of coastal ecosystems and recommends ways
to improve research, monitoring, and man-
agement at the federal, state, and local levels.
Available for $54.95 (see order form).

Risk Analysis and Uncertainty for
Flood Damage Reduction Studies
(2000)
This report reviews and assesses the U.S.
Army Corps of Engineers risk analysis tech-
niques in its flood damage reduction studies.
Available for $40.00 (see order form).

Seeing Into the Earth: Noninvasive
Characterization of the Shallow
Subsurface of Environmental and
Engineering Application (2000)
This report examines new and improved
noninvasive methods for characterization of
the shallow subsurface of the earth.  Avail-
able for $35.00 (see order form).

Natural Attenuation for Groundwater
Remediation (2000)
This report examines natural attenuation is-
sues about such as public concerns, scien-
tific bases, and the criteria for evaluating its
potential for success or failure.  Available for
$47.95 (see order form).

Watershed Management for Potable
Water Supply: Assessing the New York
City Strategy (2000)
This report evaluates the New York City
watershed management plan that is allowing
the City to avoid filtration of its large up-
state 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 (see order form).


